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LIPASE AND USE OF SAME FOR IMPROVING DOUGHS AND BAKED PRODUCTS

FIELD OF THE INVENTION

The present: invention relates to the field of food

5 manufacturing, in particular to the preparation of improved
bakery products. Specifically, the invention provides novel
polypeptides having lipase activity which is capable of
conferring improved characteristics to food products
including bakery products.

10 BACKGROUND OF THE INVENTION AND PRIOR ART

Lipases (EC 3.1,1.3), which cati be defined as carboxylester-
ases which catalyze the hydrolysis of acylglycerols , are
physiologically very important enzymes as one of the three
major digestive enzymes together with amylases and proteases.

15 They hydrolyse lipids to glycerol and fatty acids, but can
also function in esterification or transesterification
reactions.

Several studies report on the purification and
characterisation of lipases from Aspejrgillus nig-er. Thus,

20 Tombs and Blake (Biochim. Biophys., 1982, 700:81-89) purified
a lipase from a. commercial crude Aspergillus medium,

concentrate* The pure lipase was a
•
glycosylated dimer

containing two chains each having a molecular weight of 25
kDa.

25 Iwai cuid TsujisaJca (in Lipases, Borgstrom and Brockman
(eds.), Elsevier, Amsterdam, 1984, pp 443-468) also purified
an extracellularly secreted lipase from Aspergrillus nigeir and

. obtained crystals of the lipase. They determined the
molecular weight of the lipase to be 38 JcDa ajid found that

30 the enzyme was monomeric. The pi was determined to be 4.3.
Optimum pH on olive oil was 5.6- cuid the optimum temperature
on the same substrate was 25**C. The lipase was staUble in a pH
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range of from 2.2 to 6.8 {30»C, 24 hours) and up to a-

tenrperature of 50»C (pH 5.6. 15 min) . The lipase displayed a
high activity towards triglycerides of medium chain length
fatty acids.

5 Hofelmann et al. (j. Food Sci., 1985, 50:1721-1731) used a
commercial Aspergrillus niger lipase product (Lipase 2212,
Rohm) as starting material for purification of lipase. Two
lipases with molecular weight 19 kDa and 31 kDa and a pi of
3.5 and 4.0, respectively were obtained. Both enzymes were

10 glycosylated.

Torossian and Bell (Biotechnol. Appl. Biochem., 1991. 13:205-
211) used a crude commercial lipase preparation from
Aspergillus niger from Aihaiio (Japan). They determined the
molecular weight to be 37 kDa and pi was 4.0. The N- terminal
was determined to be XVSTSTUJEIiQFALQ. Sugihara et al. (Agric.
Biol. Chem., 1988, 52:1591-1592) found the N-terminal to be
SVT and the molecular weight to be. 35 kDa for a lipase
purified from an Amano (Japan) Aspergillus ni^er lipase
preparation.

15

20

25

30

Despite the discrepancies in molecular weight for the
mentioned lipases they were all reported to be 1,3 -specific
with regard to the hydrolysis of triglycerides

.

Within the baking industry it is well known to use enzymes,
such as aitylases, xylanases, oxidases and proteases, for the
improvement of the dough, the dough handling properties
and/or the baked product to obtain increased volume, retarded
staling and greater softness. The u^e of lipases as baking
additive is also known.

Thus, US 3,368,903 discloses purified lipase preparations
isolated from plant seeds which, when added to a bread dough
mixture, has a significant bread staling retarding effect. •
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JP-62-285749-A describes a method of bread making in which

lipase is added to the dough in admixture with vital gluten

and lecithin. It is stated that this lipase deteriorates

cjuality properties such as bread volume and elasticity of the

5 crumb.

Mohsen et al. (Egypt. J. Food Sci., 1986; 14:175-182) de-

scribes that a lipase produced by Rhizopus delemar improves

the softness of bread.

A bread improver comprising glucose oxidase in combination

10 with oxidases other than glucose oxidase or hydrolases such

as for exairple lipase is disclosed in EP 468 731 Al, There is

obtained bread of a sufficient volume which is satisfactory

in the quality of the internal ajid external characteristics.

However, the use of lipase alone has a bread voliune effect,

15 WO- 94/0403 5 discloses a method of improving the properties of.

a dough (with and without added fat) and/or a baked product :

made from the dough by adding a lipase of microbial origin to

the dough. The use of the microbial lipase resulted in an

increased volxnne and improved softness of the bcdced product,

20 Furthermore, an inproved ajiti- staling effect was found.

EP 585 988 Al discloses a bread inqprover composition

comprising at least one lipase, at least one hemicellulase

and at least one amylase. BcJcing experiments showed that the

use of lipase alone in a dough without added fat resulted in .

25 a reduced volume of the baJced product whereas no volume

effect was observed when lipase is used in a dough containing

added fat.

Prom the prior art it can thus be derived that the effects of

Icnown lipases when used as dough additives are highly

30 variable in respect of antistaling or crxtmb firmness

retardation and bread volume.
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The present inventions provides novel polypeptides having,
lipase activity which were found to confer highly desirable
characteristics not disclosed in the prior art to doughs and
baJcery products. Thus, in baking experiments these

5 polypeptides showed surprising and not previously taught or
suggested properties when used in flour doughs, including
increased cruinb pore homogeneity and reduced pore diameter
without concomitant negative effects on bread volume and
crumb porosity. Thus, the use of the polypeptides according

10 to the invention provides baked products being less prone to
mechanical deformation.

Small average pore diameter, increased pore homogeneity and
unchanged porosity imply that the invention provides the
means of obtaining baked products with a reinforced crumb
structure. The improved pore homogeneity of the baked product
further implies the advantage that there is obtained a
product which is more sliceable and resistant to physical
handling due to the reinforced crumb structure.

15

20

25

30

It is well known that it is difficult to spread- thin layers
of butter or margarine onto slices of bread having a very
inhomogeneous pore structure. Therefore, it is kn advantage
that bread, as can be obtained in accordance with the present
invention, has a fine and homogeneous pore structure.

It is well-known that- a sliced loaf is less resistant to
physical handling than un-sliced loaf. Therefore, the
reinforced crumb structure, which is obtained by adding the
polypeptide of the present invention to the dough, is
particularly advantageous in baked products, such as toast
bread, which are typically sliced immediately after baking by
the manufacturer and are distributed in sliced condition to
fast -food shops and supermarkets.

It has further been found that the polypeptide of the present
invention inproves the stability of the gluten network in
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flour doughs which implies the advantage that the tolerance

to variations in fermentation time is enhanced.

It is therefore an iraportSLnt objective of the present

invention to provide such useful lipase active polypeptides.

5 It has been found that such polypeptides may be derived from

filamentous fungi such as e.g. Aspercfillus tuJbagensis.

However, the polypeptide is only produced in small amounts in

wild- type fungal strains. Another important objective is

therefore to provide a method of producing the novel

10 polypeptides in a cost-effective manner by using recombinant

DNA technology.

SUMMARY OF TOE INVENTION

Accordingly, the present invention relates in a first aspect

, to a polypeptide having lipase activity that is derivable

15 from Aspersfillus tubigensis, the polypeptide having the ^

following characteristics: (i) it retains at least 80%

•activity after 4 days at 20^C at a pH in the range of 3.5-8,

(ii) it retains at least 60% of its activity after 1 hour at

60**C in 100 mM sodium acetate buffer at pH 5.0, and (iii) it

20 has an isoelectric point as determined by isoelectric

focusing in the range of 3.5-4.5. Specifically, the

polypeptide is one that comprises at least one amino acid

secjuence selected from the group consisting of SBQ ID NO:l,

SEQ ID NO: 2 and SEQ ID NO: 3, where Xaa in said sequences is

25 an amino acid selected from the group consisting of Ala, Arg,

Asn, Asp, Cys, Gin, Glu, Gly, His, lie, Leu, Lys, Met, Phe,

Pro, Ser, Thr, Trp, Tyr and Val

.

30

In a further aspect, there is provided a recombinant DNA mol

ecule comprising a nucleotide sequence coding for the above

lipase active polypeptide.
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In a still further aspect, the present invention also- relates
to a cell con^jrising the recombinant DNA molecule that is
capable of expressing the polypeptide having lipase activity.

There is also provided a method of preparing the polypeptide
according to the invention, the method comprising
transforming a host cell with a recombinant DNA molecule
comprising a sequence coding for the polypeptide , the host
cell is capable of e3q)ressing the nucleotide sequence coding
for the polypeptide, cultivating the transformed host cell
under conditions where the nucleotide sequence is expressed
and harvesting the polypeptide.

In a still further aspect the invention pertains to a method
of preparing a baked product having improved pore homogeneity
and reduced pore diameter, the method coit^Jrising adding the

15 polypeptide of the invention to the dough.

Additionally, the present invention relates in other aspects
to the use of the polypeptide having lipase activity in a
dough for a baked product to improve the stability of the
gluten network in the dough or to impart improved pore
homogeneity or reduced pore diameter to the baked product and
a dough improving cot^osition comprising the polypeptide and
at least one further conventional dough additive component.

DETAILED DISCLOSURE OF THE INVENTION

As it is mentioned above, the invention relates in a first
aspect to a polypeptide having lipase activity. As used
herein the term "lipase" is used to designate any
triacylgiycerol hydrolysing enzyme, including such enzymes
that are capable of splitting off fatty acids having short,
medium and long chain length. According to the invention, the
lipase active polypeptide is one which retains at least 80%
activity after 4 days at 20'C and at a pH in the range of
3.5-8 including a pH in the range of 5-7.
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To be practically useful, it is also advantageous that the

polypeptide of the invention has a good thermotolerance and

optimum temperature for activity, at least to an extent where

it is fully active in a dough at least up to the proofed

5 dough is heated in aja oven, Preferaibly, the lipase has a

thermostability which renders the enzyme active during at

least part of the baking process. Specifically, the

thermostability of the polypeptide is at a level where it

retains at least 60% of its activity after 1 hour at 60®C in

10 100 ntM sodium acetate buffer at pH 5.0, including a .

polypeptide that retains at least 80% of its activity after 1

hour at 50 ®C under the saime .conditions.

In one specific embodiment, the polypeptide of the invention

coir^riises at least one amino acid sequence shown herein as

15 SEQ ID N0:1, SEQ ID NO:2 and SEQ ID NO:3.

in advantageous embodiments, the polypeptide according to the

invention shows enzymatic activity at a pH in the range of

3.5-8.0, including the rcuoige of 5-7.

The polypeptide according to the present invention has an

20 isoelectric point determined by isoelectric focusing in the

range of 3.5-4.5 such as the range of 3.8 to 4.2 including an

isoelectric point of 4.0±0.i.

A highly advantageous characteristic of the polypeptide

according to the invention is its capcdDility to. hydrolyse

25 gaiactolipids such as galactosyl diglycerides , including

digalactosyl diglyceride and monogalactosyl diglyceride, that

are normally present in a flour, to the corresponding

galactosyl monoglycerides. Thus, it has been foxind that the

present polypeptides are capable of hydrolysing at least 10%

30 of the galactosyl diglycerides normally present in a flour

dough to monoglycerides. Preferaibly, at least 15% of these

diglycerides, such as at least 25%, are hydrolysed.
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The polypeptide according to the invention can be in a
gflycosylated form. However, it has been found that the
enzymatic activity of such a glycosylated lipase may be
enhanced by deglycosylation. Accordingly, it may be preferred

5 to provide the polypeptide in a non-glycosylated form. Thus,
when the polypeptide is obtained from its natural source or
from a recombinant host cell in a glycosylated form, its
activity can be enhanced by N-deglycosylation by at least
partially removing carbohydrate moieties by digestion with a

10 deglycosylating enzyme such as endo-j3-N-acetyl -glucoscuttidase
H.

Alternatively, a non-glycosylated polypeptide of the
invention is provided by means of modifying a DNA sequence
coding for such polypeptide so as to provide a coding

15 sequence that does not code for amino acids or a subsequence
of the polypeptide that provides glycosylation sites. As it
will be explained in the following, such imitated sequences
coding for mutant polypeptides having lipase activity can be
provided which, relative to the wild- type polypeptide, have

20 an enhanced enzymatic activity.

The degree of glycosylation of the polypeptide as obtained is
reflected in the molecular weight. As am example, when the
polypeptide of the invention is derived from Aspergillus
tubigensis in a glycosylated form, it typically has a mo-

25 lecular weight as determined by gel filtration using Superose
12 of 32±l kDa. By matrix-assisted laser desorption
ionisation mass spectrometry (MALDI-MS) the polypeptide
according to the invention typically has a molecular weight
of 3l±i.5 kDa. It has been found that in this initially

30 glycosylated polypeptide, N-linked oligosaccharides account
for about 10% of the polypeptide.

In one specific embodiment, thef polypeptide according to the
invention coii¥)rises the amino acid seG[uence shown herein as
SBQ ID NO: 9 or a variant, homologue or fragment hereof.
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In the present context, the terms "variant" or "fragment" in

relation to the polypeptide of the present invention include

any substitution, variation, modification, replacement, dele-

tion or addition of one or more amino acids from or to the

5 SEQ ID NO: 9 sequence provided the resultant amino acid

sequence has lipase activity, preferably at least the same

activity as the polypeptide shown as SEQ ID NO: 9 .

In particular, the term "homologue" is used herein to include

polypeptides having lipase activity which, relative to the

10 sequence shown as SEQ ID NO: 9, is of a similar amino acid

con^osition or sequence, allowing for minor variations which

do not have an adverse effect on the enzymatic properties

and/or biological fxinction, or which may give interesting and

useful novel properties or biological functions. The

15 homologous polypeptide; may be derived from any organisms or

it may also be derived through the use of recombinant DNA

techniques whereby a naturally occurring polypeptide is

modified in its sequence. PreferadDly, a homologous

ipolypeptide is one where there is at least 75%, more pre-

20 fersLbly at least 85% and most preferably at least 95%

homology to the sequence shown as SEQ ID No. 9.

In another embodiment of the invention, the polypeptide is

part of a fusion protein that comprises further enzymatically

active sequences. Although it is possible to construct such

25 chimeric polypeptides by post-translational modifications, it

is generally preferred to provide such fusion proteins by

recombinant DNA means where a host cell is transformed with a

DNA sequence coding for the fusion product and having this

product e^qpressed as a chimeric protein. Examples of such

30 additional enzymatic activity include proteolytic, amylolytic

and hemicellulolytic activities •

When a polypeptide is obtained from a cell expressing the

gene coding for the polypeptide it is generally in the form
* of a more or less crude preparation containing other

35 (contaminating) enzymatic activities. In accordance with the
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invention, it is also possible to provide the polypeptide in
a substantially pure fonn. Such a purified polypeptide can be
obtained by subjecting a crude enzyme preparation to any
conventional method for purifying polypeptides and proteins.

5 According to the invention, the polypeptide is obtainable
from Aspersrlllus tuJbisrensls as it is described in the
following exanqples. However, it can be derived from any
organism that produces such a polypeptide, including fungi,
yeast species. Gram-negative and Gram-positive bacteria,

10 plant cells or animal cells, including hiiman cells.

As it is mentioned above, interesting properties of the
polypeptide of the invention is its capability to reduce the
crximb pore diameter and to increase the pore homogeneity of
the crumb of bread. In one specific embodiment, the

15 polypeptide is one which, when it is added to a bread dough
in an amount of 5, 000 lipase units (LUS) per kg flour,
reduces^ the average pore diameter of the crumb of the bread
made from the dough by at least 10%, relative to a bread
which is made from a bread dough without addition of the

20 lipase. In another embodiment, the polypeptide is a
polypeptide which when it is added to a bread dough in an
amount of 5,000 ItUS per kg flour, increases the pore
homogeneity of the crumb of the bread made f:^om the dough by
at least 5%, relative to a bread which is made from a bread

25 dough without addition of the lipase.

In a further aspect of the invention, there is provided a
recombinant DNA molecule coiiprising a nucleotide sequence
coding for the polypeptide having lipase activity as it is
described above.

Such a nucleotide sequence can be isolated from a natural
source or it can be constructed as it is described in details
in the below examples where such a coding sec[uence isolated
from Aspercfillus tablgensls and referred to as lipA is
described in details. The nucleotide sequence can also be
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syntheslsed based on cimino acid sequences of a naturally .

occurring polypeptide exhibiting lipase activity.

In useful embodiments, the recombinant DNA molecule comprises

a nucleotide sequence coding for a polypeptide exhibiting

5 lipase activity which comprises at least one of the amino

acid sequences shown herein as SEQ ID NO:l, SEQ ID No:2 and

iSEQ ID NO: 3 or a nucleotide sequence coding for a polypeptide

exhibiting lipase activity which comprises the amino acid

sequence shown as SEQ ID No. 9-

10 In further specific embodiments, the recombinant DNA molecule

con^rises at least one of SEQ ID NO:4, SEQ ID NO: 5, SEQ ID

NO: 6 and SEQ ID NO: 7 or at least the coding sequence of the

nucleotide sequence shown as SEQ ID NO: 8 or a varicint,

homologue or fragment thereof, or a sequence complementary

15 thereto.

In the present context, the terms "variant" or "fragment" in

relation to the nucleotide sequence coding for the

polypeptide of the present invention include any substitution

of, variation of, modification of, replacement of, deletion

20 of or addition of one or more nucleic acids from or to the

sequence providing the resultaint nucleotide sequence coding

for a polypeptide having lipase activity, preferably having

at least the same activity as the polypeptide shown as SEQ ID

NO:9 .

25 The term "homologue" covers homology with respect to sec[uence

and/or structure and/or fxmction providing the resultant

nucleotide seq[uence codes for a polypeptide having lipase

activity. With respect to sequence homology (i.e.

similarity) , preferably there is at least 75%, more

30 prefercLbly at least 85%, most preferably at least 95%

homology to the sequence shown as SEQ ID NO: 8.

The recombinant DNA molecule may advantageously comprise a *

sequence that codes for a polypeptide according to invention
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which does not comprise amino acid(s) providing glycosylation
site(s)

. Such useful recombinant DMA molecules can be
selected from the plasmids deposited under the accession Nos.
NCIMB 40931, NCIMB 40932, NCIMB 40933, NCIMB 40934 and NCIMB

5 40935.

In a still further aspect, the invention relates to a cell
comprising a recombinant DNA molecule as described cUDove and
which is capable of e^tpressing the polypeptide according to

.0 the invention- Such a cell can be selected from fungi, yeast
species, bacteria, plant cells and amimal cells including
human cells. Useful cells are selected from filamentous fungi
such as an Aspergillus sp,, a Penlcillivtm sp., 3l mxizomucor:
sp., a Mucor sp., a Ttxchoderma sp, including r. reesei, T.

5 viridae and Tl longibx-achlatum, a Neurospora sp. and a
Humlcola sp. Suitable Asrpergillus species include A; niger,
A. tubigensls, A. ojryzae and A. awamori.

Useful bacterial host cells include Gram-negative' species^
such as e.g. JS. coll including the JB. coli strain harbouring

I plasmid pLIP4 as deposited under the accession No. NCIMB
40863, and Gram-negative species such as e.g. Bacillus
species and lactic acid bacterial species such as LactococcuB
lactis.

The present invention also relates to a method of preparing
the polypeptide according to the invention by ea^ression of a
nucleotide sequence capable of expressing the polypeptide in
an appropriate transformed host cell. The method comprises in
^ first step that a suitable transformable cell is
transformed with the above recombinant DNA molecule to
provide a transformed host cell expressing the polypeptide.
Procedures for transformation of prokaryotic host cells is
well documented in the art, for example see Sambrook et al.
(Molecular Cloning: A Laboratory Manual, 2*^^ edition, 1989,
Cold Spring Harbor Laboratory Press) .
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The term "transformed host cell" is used herein to include

any transformable organism wherein the nucleotide sequence

coding for the enzyme according to the present invention has

been introduced. The introduction of the coding sequence can

5 be in the form of introducing an episomal replicon such as a

plasmid, a bacteriophage or a cosmid into the cell . Such

replicons can advantageously be introduced in multiple copies

to obtain an increased* expression of the polypeptide. It may

in certain cases be advantageous that the nucleotide sequence

10 is incorporated into the genome of the host cell organism

e.g. by meeuas of a transposable element or a recombinational

event.

A presently preferred host organism for the expression of the

15 nucleotide sequence of the present invention suid/or for the

preparation of the polypeptide of the present invention is an

orgajiism of the genus Asperg-lllus, such as AspGrc^illus nlg^exr

ox AspercrllluG tublg^ensls*

A transformed AspBrcfillus strain according to the present

20 invention can e.g. be prepared according to methods described

by Rambosek and Ijeach (CRC Crit. Rev. Biotechnol.> 1987,

6:357-393), Davis (in: Progress in Industrial Microbiology,

Martinelli and Kinghom (eds.), Elsevier Amsterdam, 1994,

29:525-560), Ballsuice (in: Molecular Industrial Mycology,

25 Systems and Applications for Filamentous Fxingi, Leong aind

Berka (eds.). Marcel Dekker Inc., New York 1991, pp 1-29) and

Turner (in: Progress in Industrial Microbiology, Martinelli

and Kinghom (eds.), Elsevier Amsterdam, 1994, 29:641^666).

In another embodiment, the method of the invention makes use

30 of a yeast host cell such as SacchaLromyces cerevlsiae or

Plchla pctstorxs. Expression of heterologous genes in

SetcehsLXomyces cerev±sia.e has been reviewed by Goody et al

.

(in: Yeast Biotechnology, Berry et al. (eds.), Allen and

Unwin, London, 1987, pp 401-429) and by King et al. (in:

35 Molecular and Cell Biology of Yeasts, Walton and Yarronton.

(eds.), Blackie, Glasgow, 1989, pp 107-133).
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Furthermore, the present invention relates in a particular
aspect to the use of the polypeptide according to the
invention to improve the stability of the gluten network in
flour dough and to impart iic^jroved pore homogeneity and
reduced pore diameter to the baked product made from said
dough. It has been found that the polypeptide has these
improving effects in a fat-free dough.

In the present context, the term "fat- free dough" £s used to
indicate that no lipid or fat is added to the flour dough. A
preferred flour is wheat flour or a composite flour wherein
part of the wheat flour is replaced by starch, optionally
supplemented with plant protein and additives such as
emulsifiers. Other types of flour derived from rice, maize,
barley and rye are also contemplated.

.5 Thus, the major ingredients of the dough include flour, pre-
ferably wheat flour, water and an "gas generating sxibstance"
such as> yeast or a chemical leavening agent In. adcyition; ,to
the= above-mentioned major ingredients the doughmar include
minor ingredients such as salt, sugar, minerals,. .vitamins,

) flavouring and at least one further dough additive such as
for exan^le an emulsifying agent, a hydrocolloid, a starch
degrading enzyme or a cellulose or hemicellulose degrading
enzyme.

During mixing and moulding of the dough ingredients to
provide a homogeneous dough the interaction between wheat
gluten, starch and water is essential for obtaining a dough
with good dough handling properties and a satisfactory baked
product made from the dough.

It is generally assumed that starch and gluten form a struc-
tural network including the glycolipids in the form of
liquid- crystalline phases of lamellar structure as layers
between gluten protein and starch.
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The crumb structure of a bciked product ceui be evaluatjed by
visual inspection of the bread cross section. However, a more
reliable method giving a quantitative measure of the crumb
structure is by image analysis using an image analyzer which

5 on the entire cross section of bread separiateis and analyses

the individual pores one by one and calculate the meam pore
size diameter. The bread cross section in its entirety is

characterised by the distribution of the individual pores,

for example in the form of a histogram. By homogeneity is|

10 xinderstood the uniformity of the pore size and in the present-

context the term "homogeneity" is defined as the percentage
of pores that are ^ larger thcui 0 . 5 times the average of pore
dicuneter and smaller than 2 times the average pore diameter.

The image analyzer also calculates the porosity which is the

15 proportion of the entire bread cross section consisting of

pores

.

By using image analysis it has been found that baked products
made from a dough as defined above including a fat -free ^;

dough, which has been supplemented by addition of the

20 polypeptide of the present invention attain/obtain an
increased pore homogeneity and reduced pore size whereas the

porosity is unchanged.

Thus, by using the polypeptide according to the invention in

a fat-free dough there is provided baked products with a for-

25 tified crxunb structure. It has also been found that the

increased jpore homogeneity and the decrease in pore size is

not accompanied by a reduction of other bread characteristics

such as bread volume and anti- staling properties.

As already mentioned, a most interesting characteristic of

30 the polypeptide according to the present invention is its

ability to modify by hydrolysis the glycolipids,

monogalactosyl diglyceride (MGDG) ajad digalactosyl digly-

ceride (D6DG) , to the more polar components monogalactosyl

monoglyceride (MSMG) and digalactosyl monoglyceride (DCTffi)

35 which are more surface active components than MGDG and DGD6.
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Without being bound by theory, it is assumed that the
improved pore homogeneity of the bread crumb which is

obtained by using the polypeptide of the invention in a dough
is caused by the formation of the more surface active

5 glycerides MGMG and DGMG which in combination with the
released fatty acids in ionised form will contribute to the
formation of mesomorphic phases of lamellar structure.

In accordance with the invention the amount of polypeptide
added to the dough corresponds to a lipase activity in the

10 range of 100-30,000 lipase units (LUS) per kg flour, such as
in the range of 500-10,000 lipase units (LUS) per kg flour
including in the range of 1,000-8,000 lipase units- (LUS) per
kg flour.

In an interesting embodiment, the method of the invention
15 involves combined use of the polypeptide of the invention and

an eraulsifier such as mono- and diglycerides , . sorbitan
esters , polysorbates , sucrose^ esters , citric acid;iesters ofr;

mono- and diglycerides, polyglycerol esters of fatty acids;,.

propylene .glycol monostearate, lactic acid esters, lecithins,
20 mono- and diglycerides of edible fatty acids and diacetyl

tartaric acid ester of mono- and diglycerides of edible fatty
acids

Diacetyl tartaric acid esters of mono- and diglycerides of

edible fatty acids are well-known in the food processing
25 technology and are widely used in the baking industry as

dough additives to provide dough stability and increased
volume of the baked products. Typically, diacetyl tartaric
acid esters of mono- and diglycerides are used in axi sunount

of up to 1% by weight of the flour.

30 It has been found that by using the polypeptide of the inven-

tion in combination with diacetyl tartaric acid esters of

mono- and diglycerides of fatty acids an iinproved pore
homogeneity is still obtained and furthermore, that a much
lower concentration of diacetyl tartaric acid esters. of mono-
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and diglycerides of fatty acids is required to obtain the.

same bread voliame

.

According to the invention an expedient cunount of diacetyl

tartaric acid esters of mono- and diglycerides of fatty acids

5 is in the rainge of 0*1 to 1.0% by weight of the flour, pre-

ferably in the range of 0.1 to 0.5% by weight of the flour

and most preferred in the rcuige of 0.1 to 0.4% by weight of

the flour.

The diacetyl tartaric acid esters of mono- and diglycerides

10 which can be used according to the invention are

characterised by having a saponification value in the range .

of 300 to 600, preferably a saponification value in the range

of 300 to 400, and an acid value in the range of 40 to 120,

preferably an acid value in the range of 50 to 100.

15 In accordance with the aibove description of the use of the

polypeptide in a flour dough including a fat -free dough, the

present invention relates in a further aspect to a method of

preparing a baked product having in^roved pore homogeneity

and reduced pore diameter from a dough including a fat- free

20 dough as defined above, comprising adding the polypeptide of

the invention to the dough.

In one embodiment the polypeptide having lipase activity has

the capability of increasing • the level of^ ethylesters of

fatty acids in a flour dough by at least 10% such as by least

25 50% including by at least 100%.

In accordance with the invisntion, the polypeptide having

lipase activity has the CjapcdDility increasing the gluten

index in a flour dough. Accordingly, in one useful

embodiment, the method of preparing a baJced product comprises

30 adding to the dough the polypeptide in an amoxint that results

din an increase of the gluten index, as determined by means of

a Glutomatic 2200 apparatus, in the dough of at least 5%,

relative to a dough without addition of the polypeptide.
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Preferably, the gluten index is increased by at least 10%.

such as at least 15% or more prefereibly, by at least 20%.

In another useful embodiment, the present method is one
wherein at least one further enzyme is added to the dough.

5 Hxan^les of such further enzymes include hemicellulases

,

proteases, amylases, oxidoreductases such as e.g. hexose
oxidase and cellulases.

The polypeiptide may conveniently be added to the dough or to

any of the dough ingredients or to any mixture of the dough
10 ingredients in the toxm of a dry composition or as a liquid

preparation comprising the polypeptide of the present ' inven-

tion .

As stated ahove the amount of polypeptide activity is in the
range of 100-30,000 lipase units (LUS) per. kg flour,

15 including in the range of 500-10,000 lipase units (I*US) per
kg fl^our such as in the range of 1,000-8,000 lipase iinits

(liUSX^ per kg flour.

In a useful embodiment of the method, the polypeptide of the

invention is added to the dough in admixture with a diacetyl
20 tartaric acid ester of mono- and diglycerides of edible fatty

acids.

In another useful embodiment of the method the bsdced product
is toast bread.

BRIEF DESCRIPTION OF THE FIGURES

25 The present invention is further illustrated by reference to

the accompanying figures in which

Fig. 1 shows the restriction map of the genomic clone of the

lipA gene.
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Fig. 2 shows the structure of the lipA gene encoding lipase

3, - •
.

Pig. 3 shows a chromatogrcun of HIC fractionated culture

supematajit of an Aspergillus tuJbigensis transformant with

5 62-fold increase of lipase 3, eind

Pig. 4 shows a chromatogrsun of HIC fractionated culture

supernatant of the untransformed Aspergillus tublgensis

strain.

EXAMPLES

10 Analytical methods for determining lipase activity and

protein

(1) Detexiainatlon of lipase activity

1. Plate assay oh tributvrin-containing medium

The assay is modified from Kouker sLnd iJaeger (J^pl. Environ.

15 Microbiol . , 1987, 53:211-213).

A typical protocol for this assay is as follows: 100 ml 2%

agar in 50 mM sodium phosphate buffer (pH 6.3) is heated to

boiling, and after cooling to about 70**C under stirring, 5 ml

0.2% Rhodamine B is added under stirring plus 40 ml of

20 tributyrlni The stirring Is continued for 2 minutes. The

mixture is then sonicated for. 1 minute. After an additional 2

minutes of stirring, 20 ml of the agar mixture is poured into

individual petri dishes. In the absence of lipase activity,

the agar plates containing tributyrin and Rhodamine B will

25 appear opaque and are pink coloured.

To quantify lipase activity, holes having a diameter of 3 iran

are punched in the above agar and filled with 10 ill of lipase

preparation. The plates are incvibated for varying times at
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37*>C. When lipase activity is present in the applied prepara-
tion to be tested, a sharp pink/reddish zone is formed around
the holes. When the plates are irradiated with UV light at
350 nm, the lipase activity is observed as halos of orcuige

5 coloured fluorescence.

2, Modified Food Chemical Codex assay for lipase activity

Lipase activity based on hydrolysis of tributyrin is measured
according to Food Chemical Codex, Forth Edition, National
Academy Press, 1996, p. 803. With the modification that the

10 pH is 5.5 instead of 7. One LUT (lipase unit tributyrin) is
defined as the amount of enzyme which can release 2 ;unol

butyric acid per min. under the above assay conditions.

3, p-nitrophenvl acetate assay

Lipase activity can also be determined colordLmetrically using
15 p-nitrophenyl acetate as a substrate e.g. using the following

protocol: In a microtiter plate 10 ;tl of sanple or blcUik is
added followed by the addition of 250 /il substrate (0.5 mg p-
nitrophenyl acetate per ml 50 mM phosphate buffer, pH 6.0) .

The microtiter plate is incubated for 5 minutes at 30^C and
20 the absorbance at 405 nm is read using a inicroplate reader. 1

^n±t. is defined as 1 ^miol p-nitrophenol released per 5 mi-
nutes ,

4, p-nitror>henyl Hf^yanpate assay

Lipase activity can be determined by using p-nitrophenyl
25 hexanoate as a substrate. This assay is carried out by adding

10 fil of sanple preparation or blank to a microtiter plate
followed by the addition of 250 fil svibstrate (0.5 mg p-nitro-
phenyl hexcuioate per ml of 20 mM phosphate buffer, pH 6.) . At
this concentration of sxzbstrate the reaction mixture appears

30 as a mil)cy solution. The microtiter plate is incubated for 5
minutes at 30*»C and the absorbamce at 405 nm is read in a
microplate reader.
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5> Titrimetric assay of lipase activity

Alternatively, lipase activity is determined according to

Food Chemical Codex (3rd Ed., 1981, pp 492-493) modified to

sianflower oil and pH 5.5 instead of olive oil and pH 6.5.

5 The lipase activity is measured as LUS (lipase units sun-

flower) where 1 LUS is defined as the quantity of enzyme

which can release 1 fxmol of fatty acids per minute from

sunflower oil under the above assay conditions.

6. Protein measurement

10 During the. course of purification of lipase as described in

the following, the protein eluted from the columns was mea-

sured by determining absorbance at 280 niti. The protein in the

pooled samples was determined in microtiter plates by a

sensitive Bradford method according to Bio-Rad (Bio-Rad

IS Bulletin 1177 EG, 1984) . Bovine serum albumin was used as a ^

standard. -

EXAMPLE 1

Production, purification and characterization of lipase 3

1.1. Production

20 A mutant strain of Aspergillus tubigensxs was selected and

used for the production of wild type lipase. This lipase is

referred to herein as lipase 3 . The strain was subjected to a

. fermentation in a 750 1 fermenter containing 410.0 )cg of tap

water, 10.8 kg soy flour, 11.1 kg ammonium monohydrogenphos

-

25 phate, 4.0 kg phosphoric acid (75%), 2.7 kg magnesium sul-

fate, 10.8 kg sxinflower oil and 1.7 kg antifoam 1510. The

substrate was heat treated at 12l*»C for 45 minutes. The

culture media was inoculated directly with 7.5x10^ spores of

the mutant strain. The strain was cultivated for three days

30 at 38«C, pH controlled at 6.5, aeration at 290 1/min and

stirring at 180 rpm the first two days and at 360 rpm the
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last day. The fermentate was separated using a drum filter

and the culture filtrate was concentrated 3.8 time is by ultra-

filtration. The concentrated filtrate was preserved with

potassium sorbate (0.1%) and sodium benzoate (0.2%) cuid used

5 as a starting material for purification of lipase. .

1.2. Purification of lipase

A 60 ml sample of ferment (cf. 1»1) containing 557 LUS/ml, pH

5.5 was first filtered through a 6F/B filter and siibseguently

through a 0.45 /rni filter. The filtered sample Wcis desalted

10 using a Superdex G25 SP column t430 ml, 22 x 5 cm) equilibra-

ted in 20 mM.triethajiolamine, pH 7.3 . The flow rate was 5

ml/min. The total volume after desalting was 150 ml*

The desalted sample was applied to a Source Q30 anion ex-

chajager column (100 ml, 5x5 cm) equilibrated in 20 mM tri-

15 ethanolamine, pH 7.3. The column was washed with

equilibration buffer until a stable baseline was obtained.

Lipase activity was eluted with a 420 ml linear gradient from

0 to 0.35 M sodi\am chloride in equilibration buffer, flow

rate 5 ml/min. Fractions of 10 ml were collected. Sodium

20 acetate (100 /xl of .a 2M solution) was added to each fraction

to adjust pH to 5.5. Fractions 26-32 (70 ml) were pooled.

To the pool from the anion exchange step was added ammonium

sulfate to 1 M and the sample was applied to a Source Phenyl

HIC column (20 ml, 10x2 cm) ec[uilibrated in 20 vM sodium ace-

25 tate (pH 5*5), 1 M ammonixun sulfate. The coliomn was washed

with the equilibration buffer. Lipase was eluted with a 320

ml linear gradient from 1 M to 0 M ammonium sulfate in 20 inM

sodium acetate (pH 5.5)^ flow 1.5 ml/min. Fractions of 7.5 ml

were collected.

30 Fractions 33-41 were analyzed by SDS-PAGB using a NOVBX

system with precast gels. Both electrophoresis cuad silver

staining of the gels were done according to the manufacturer

(Novex, Scin Diego, USA) . (The same system was used for native
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electrophoresis and isoelectric focusing) . It was found that
fraction 40 and 41 contained lipase as the only protein.

1,3. Characterization of the purified lipase

(i) Determination of molecular weight

5 TOe apparent niolecular weight of the native lipase was 37,7
kDa as measured by the above SDS- PAGE procedure. The purified
lipase eluted at a niolecular weight of 32.2 kDa from a Supe-
rose 12 gel filtration column (50 mM Sodium phosphate, 0,2 M
sodium chloride, pH 6.85, flow 0.65 ml/min) and is therefore

10 a monomer.

The molecular weight of the lipase was also determined by
matrix-assisted laser desorption ionisation (MAIiDI> by means
of a time-of -flight (TOF) mass spectrometer (Voyager Bio-
Spectrometry Workstation, Perspective Biosystems) . Scunples

15 were prepared by mixing 0.7 /il of desalted lipase solution
and 0.7 jil of a matrix solution containing sinapic acid (3.^-

dimethoxy- 4 -hydroxy cinnamic acid) in 70% acetonitrile (0.1%
TPA, 10 mg/ml) . 0.7 ^1 of the sample mixture was placed on
top of a stainless steel probe tip suid allowed to air-dry

20 prior to introduction into the mass spectrometer. Spectra
were obtained from at least 100 laser shots and averaged to
obtain a good signal to noise ratio. This molecular mass for
the lipase was found to be 30,384 Da and 30,310 Da by two
independent analyses

,

25 Digestion of the lipase with endo-/J-N-acetyl-glucosamidase H
(10 ftl) from Streptomyces (Sigma) was carried out by adding
200 /il lipase and incubating at 37*»c for 2 hours. The di-
gestion mixture was desalted using a VSWP filter and analyzed
directly by MALDX mass spectrometry. A maj or component of

30 deglycosylated lipase gave a mass of 29,339 Da and 29,333 Da
by two independent analyses . A minor component with a mass of
29,508 Da was also observed. These values corresponds well to
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the later calculated theoretical value of 28,939 Da based. on

the complete amino acid sequence of the mature lipase.

(il) Determination of the isoelectric point

The isoelectric point (pi) for the lipase was determined by

5 isoelectric focusing and was found to be 4.1*

A calculation of the pi based on the amino acid sequence as

determined in the following and shown as SEQ ID NO: 9 gave an

estimated pl of 4,07.

(iii) Determination of temperature stability

10 Eppendorf txzbes with 25 /il of purified lipase 3 plus 50 /il .

100 mM sodium acetate buffer (pH 5.0) were incubated for 1

hour in a water bath at respectively 30, 40, 50, and 60*^C- A
control was treated in the same way, but left at room tCTi-

perature. After 1 hour the lipase 3 activity was< determined ^

15 by the p-nitrophenyl acetate assay as described above:.

The purified lipase had a good thermostability. It was found

that the lipase maintained 60% of its activity after 1 hour

at 60**C- 80% and 85% activity was maintained after 1 hour at

50<*C and 40®C respectively.

20 (iv) Determination of pH stability

Purified lipase 3 (200 /il) was added to 5 ml of 50 mM buffer

solutions: (sodiiom phosphate, pH 8.0, 7.0 cuid 6.0 and sodiiun

acetate pH 5.0, 4.0 and 3.5). The control was diluted in 5 ml

of 4 iriM sodium acetate pH 5.5. After four days at 20®C the

25 residual activity was measured by the Modified Food Chemical

Codex assay for lipase activity as described above. The

lipase was very stable in the pH range from 4.0 to 7.0 where

it maintained eibout 100% activity relative to the control

(Table 1.1). At pH 3.5 the lipase maintained 92% activity.
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and at pH 8.0 95% residual activity was maitained as compared
to the control.

Table ;i.l, pH pt^ility o^ IjLpage 3

pH . Activity {LUT/ml) Activity (%)

Control (pH j5.5) 89.2 100

3.5 82.5 92

4.0 91.7 103

5.0 86.5 97

6.0 92 .

4

104

7.0 90.6 102

8.0 84 .

4

„

EXAMPLE 2

Amino acid sequencing of lipase 3

Purified lipase enzyme was freeze-dried and 100 fig of the
15 freeze-dried material was dissolved in 50 /il of a mi^ure of

8 M urea and 0.4 M ammonium hydrogencarbonate, pH 8.4. The
dissolved protein was denatured and reduced for 15 minutes at
50*^0 following overlay with nitrogen and addition of 5 fil 45
mM dithiothreitol. After cooling to room ten5)erature, 5 fil of

20 100 mM iodoacetamide was added for the cysteine residues to
be derivatized for 15 minutes at room temperature in the dark
under nitrogen.

135 fil of water and 5 fig of endoproteinase Lys-C in 5 fil of
water was added to the above reaction mixture and the di-

25 gestion was carried out at 37«C \inder nitrogen for 24 hours.
The resulting peptides were separated by reverse phase HPLC
on a VYDAC C18 column (0.46 x 15 cm; 10 fixa; The Separation
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Group, California, USA) using solvent A: 0.1% TFA in water

and solvent B: 0.1% TFA in acetonitrile. Selected peptides

were rechromatographed on a Develosil C18 col\ainn (0.46 x 10

cm. Novo Nordisk, Bagsvaerd, Denmark) using the same solvent

5 system, prior to N- terminal sequencing. Sequencing was done

using an Applied Biosystems 476A sequencer using pulsed-

liquid fast cycles according to the manufacturer's instruc-

tions (Applied Biosystems, California, USA) .

'For direct N- terminal sequencing, the purified protein was

10 passed through a Brownlee C2 Aquapore column (0.46 x 3 cm, 7

/un. Applied Biosystems, California, USA) using the same

. solvent system as above. N- terminal sequencing was then

performed as described above. As the protein was not de-

rivatized prior to sequencing, cysteine residues could not be

15 determined.

The following peptide sequences were foxmd:

N-terminal: Ser-Val-Ser-Thr-Ser-Thr-Leu-Asp-Glu-

Leu-Gin -Leu - Phe -Ala -Gin -Trp- Ser -Ala

-

Ala-Ala-Tyr-X-Ser-Asn-Asn

20 (SEQ ID N0:1)

Internal peptide l: Val-His-Thr-Gly-Phe-Trp-Lys

(SEQ ID N0:2)

Internal peptide 2: Ala-Trp-Glu-Ser-Ala-Ala-Asp-Glu-Leu-

Thr - Ser - Lys - lie - Lys

25 . (SEQ ID N0:3)

No further peptides could be purified from the HPLC

fractionation ass\amingly because they were very hydrophobic

and therefore tightly bound to the reverse phase column.

A search in SWISS -PROT database release 31 for amino acid

30 sequences with homology to the above peptides was performed

and only three sequences were found.
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10

All of the above peptides showed a low homology to the above
known sequences. Especially internal peptide 2 has very low
homology to the three lipases, LIP-RHIDL, LIP-RHIMI and MDIA-

PENCA from Rhizopus delaunax (Haas and Berlca, Gene, 199X,

109:107-113), Rhizomucor miehel (Boel et al., .Lipids, 1988,

23:701-706) and Penicllllxjm camenhertli (Yamaguchi et al..

Gene, 1991, 103:61-67; Xsobe and Nokihara, Febs. Lett., 1993,

320:101-106) respectively. Although the homology was not very
high it was possible to position the lipase. 3 peptides on

these sequences as it is shown in the below Table 2 .1.

TcJple 2.1, Alignment of lipase 3 peptides with known lipase

seqfuences

15

IiIP.RHlDI. H\rSFXSISQGVSIX:i«LVSSMHZi6SSAVFVSGKSGSSirrAVSASDNA7aaPP 50

LIP^RHIMI MVIJCQRANYliGFLIVFFTAFIiV--EAVPIKRQSNSTVDS- LPP 40

UDIiA. PENCA MRLS--- FFTAL SAVASDSYAZaPG 21

K-Terminal SVSTSTtiDEZiQLFAQWSAJkAYZSXIH

I*IP_RHIDI* LISSRCAPPSNKGSKSDLQABPYHMQKNTEWYBSHGGIILTSIGKroDm^ 100

20 LIP_RHIMI LIPSRTSAPSSSPSTTDPEAPAM SRNGPLPS DVBTK 76

MDIA_PEKCA KLQSR DVSTSELDQFEFWVQYAAASY 47

IaXP_RHIDL GGMTZJ>LPSDAPPlSLSSSlt7SASDGGK\nmATTAQIQEFTKYAG 150

25 LIP^RHIMI YGMAUSlATSyPDSV VQAMSIDGGIRAATSQBX£mX*TYYTTI«SAMS 121

MDIiA^PENCA YSADYTAQVGDKIi 60

l.IP_RHIDI. yCRSVVPGNKWDCVQCQKWVPIXSKIITTPT-SIJC^imJGYVLJlSDKQOT 199

30 I.IP_RHIMI yCRTVIPGATWDCIHCnA-TBDlJaiKTWS-TI.IYimiAMVARGDSBl^ 169

MDIA PENCA SCSKG KCPBVEA- -TGATVSYDFSDSTITDTAGYIAVDHTNSAV 102

35

Peptide 1

Peptide 2

VHT6FWK

AWESAADELTSK

I.IP__RHIDL YLVFRCrrNSFRSAITDIVFNFSDyKPVKGAKVHAGFLSSYEQVVHDyFPV 249

I-IP_RHIMI YIVFRGSSSIKNWIJaJIiTFyPVSYPPVSGTKVHKXSFIiDSYGErV^ 219

MDIA PENCA VIJlFI«3SySVlWWVADATFVHTNPGLaX3Cl*AEliGFWSSWKLVm 152
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Peptide 2 IK

LIP_RHIDL VQEQLTiUIPTyKVIVTGHSLGGAQALLAGMDLYQREPM 299

UP_RHIMI VliDQFKQYPSYKVAVTGHSLGGATAU^^ 269

UDXiA_PENCA IJCEVVAgNPNY£LV\A^CniSX^GAAVATI^ RGKGYPSAKLYAYA- * 196

10

lilP^RHIDL GPRVGNPTFAYYVESTCIPFQRT\miaiDIVPHWPQSFGFIjHPGVBSWIK 349

LIP_RHIMI QPRVGDPAFANYWSTGIPYimTVNEraiVPHMPAAPGFIJiAGBBYWCT 319

MDLA_PENCA SPRVGNAAIAKYITAQGNNF - RFTHTNDPVPKLPLLSMGYVHVSPBYWIT 247

15

LIP^RHIDI, SGTSN-V QrCTSEIBTKDCSNSIVPFTSIlI)-HI*SYF-DINBGSC 391

I*IP_RHIMI DNSPETV QVCTSDl^SDCSNSIVPFTSVU)-HI^YT-GIirrGLG 362

MDIiA^PBNCA SPraiAT\^TSDIKVIIXroVSFXX31TOnGIJ»IJ,TDFEAHIWyF^ 297

20

1*IP_RHI0L

I,IP_RHIMI

MDLA PS£rCA'

L 392

----^--T 363

PGIiPFKRV 305

EXAMPLE 3

Isolation and purification of Aspercrillv^ t-nhVq-pn.gTg qencmic

The Aspercrlllus tubigenais mutant strain was grown in PDB

25 (Difco) for 72 hours and the mycelium was harvested. 0.5-1 g
of mycelium was frozen in liquid nitrogen and ground in a

mortar. Following evaporation of the nitrogen, the ground

mycelium was mixed with 15 ml of an extraction buffer (100 inM

Tris-HCl, pH 8.0, 50 mM EDTA, 500 ntM NaCl, 10 nM fi-rmercaptoe-

30 thcoiol) and 1 ml 20 % sodium dodecylsulfate. The mixture was

vigorously mixed and incubated at 65 ®C for 10 min. 5 ml 3M

potassium acetate, (pH 5.1 adjusted with glacial acetic acid)

was added and the mixture further incubated on ice for 20

min. The cellular debris was removed by centrifugation for 20

35 min. at 20,000 x g and 10 ml isopropanol was added to the

supematcuit to precipitate (30 min at -20**C) the extracted

DNA, After further centrifugation for 15 min at 20,000 x g,
*

the DNA pellet was dissolved in 1 ml TB (10 iriM Tris*HCl pH
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8.0, 1 mM EDTA) and precipitated again by addition of 0.1 ml
3 M NaAc, pH 4.8 and 2 . 5 ml ettianol . After centrifugation for
15 min at 20,000 x g the DNA pellet was washed with 1 ml 70 %

ethanol and dried under vacuum. Finally, the DNA was dis-
5 solved in 200 /xl TB and stored at -20*C.

EXAMPLE 4

The generation of a fragment of the putative aene coding for
lipase 3 using PGR

To obtain a fragment of the putative gene Cin the following
10 referred to as the lipA gene) as a tag to isolate the com-

plete gene> a PGR cuiiplification procedure based on the info-
rmation in the isolated peptide sequences was carried out.

Degenerated primers for PGR anplification of a fragment of

the lipase gene were designed based on the amino acid
15 segu^ences of the isolated peptides. The following three PGR

primers were synthesised:

0035: TTC GAR AAN CCN GTR TGN AC (SEQ ID NO: 4 )

20 mer 256 miocture, based on peptide 1 sequence VHTGFWK
(Reversed) .

20 C036: CAR YTN TTY GCN GAR TGG (SEQ ID NO:5)

18 mer 256 mixture, based on the N-terminal sequence QLFAQW.

C037: GCV GCH SWY TCC CAV GC (SEQ ID NO: 6)

17 mer 216 mixture, based on internal peptide 2 sequence
AWESAA (reversed) -

25 The oligonucleotides were synthesised on a Applied Biosystems

model 392 DNA/RNA Synthesizer. To reduce the degree of degen-



5

WO 98/45453

20
PCT/DK98/00137

eracy the rare Ala codon GCA and the Ser codon TCA have been
excluded in design of primer C03 7.

With these primers the desired fragments were amplified by
PGR. Using these primers it was expected that a fragment of
about 300 bp should be amplified provided there are no
introns in the fragment.

The following PGR reactions were set up in 0.5 ml PGR tubes
to anqolify a putative lipA fragment:

1. 0.5 /tg total genomic DMA,
LO 100 pmol primer C036, ,

100 pmol primer C037,

10 /xl PGR Buffer II (Perkin Elmer) .

6 Ml 25 mM MgClj,

2 fil dNTP mix (10 mM dATP. 10 mM dCTP, 10 mM dGTP. 10 mM
dTTP)

,

2 units Ampiitaq polymerase (Perkin Elmer) ,, anti
water to a total volume of 100 |il.

2- 0.5 fig total genomic DNA,
100 pmol primer G035,
100 pmol primer C036,

10 fil PGR Buffer II (Perkin Elmer) ,

6 fil 25 mM MgGla,

2 Hi- dNTP mix (10 mM dATP, 10 mM dGTP, 10 mM dGTP, 10 mM
dTTP)

,

2 units Anplitaq polymerase (Perkin Elmer), and
water to a total volimie of 100 fil.

The reactions were performed using the following program.-
94<»G 2 min
94«>G 1 min )

40"C 1 min )

72 1 min ) These three steps were repeated for 30
72«'c 5 min cycles
5«»C SOAK
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The PCR amplifications were performed in a MJ Research Inc.
PTC- 100 Thermocycler

.

In reaction l, three distinct bemds of about 300, 360 and 400
bp, respectively could be detected. These bands were isolated

5 and cloned using the pT7-Blue-T-vector kit (Novagene) . The
sizes of these fragment is in agreement with the expected
size provided that the fragment contains 0, 1 or 2 introns,
respectively.

The three fragments were sequenced using a "Thermo SeJcvenase

10 fluorescent labelled primer cycle sequencing Kit" (J^mersham)

and analyzed on a ALF sequencer (Pharmacia) according to the
instructions of the manufacturer. The fragment of about 360
bp contained a isequence that was identified as a lipase and,
as it contained the. part of the N- terminal distal to the

15 sequence used for primer design, it was concluded that the
desired lipA gene fragment was obtained.

The sequence of the about 360 bp PCR fragment (SEQ ID NO: 7)

is shown in the following Table 4*1. The peptide sequence
used for primer design is xuiderlined. The remaining part of

20 the N- terminal sequence is doxibly underlined.

Table 4.1, PCR-generated putative lipA sequence

10 20 30 - 40 50 60

I I I I I I

tiacccqqQcmtcCQattCAGin^lUXiXSCGCJtfVltXS'liriXjCCGCj^^

25 O Ii F A O W S A A A Y C S N

'70. 80 50 100 1X0 120

I I I I I I

ATATCGACTCGAAAGAVrCCAACITGACATGCACGGCCAACGCCTGTCCAT^

^IDSKXSN LTCT ANACPS VE
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130 140 150 160 170 ISO

I I I I I I

AGGCCAGTiUrCACGATGCTGCTGGAGTTCGACCTGT^

KA S T T MLI. E PD L YV T Q I AD I

5 190 200 210 220 230 240
I I I I I I

AGCACAGCTAATTGAACAGGACGAACGACTTrTGGATC

B H S - L N R T N D F W R H S R P P G R

250 260 270 200 290 300
" I i I I I I

*

GACAACACCAACAAGCGGCTCCnt3GTCGCGTTCCGGGGAAGCAGC3^

G Q H Q Q A A R G R I, P G K Q H D - B I.

310 320 330

I I I

15 ATTGCTAATCYTGACTTCATCCTGGRAGATAACG

D C - I, H P X R .

The finding of this sequence pennitted full identificjsttion of.

the PGR fragment as part of the lipA gene. The stop codon
20 found in the reading frame can be caused either by a PC31 or a

reading error or there can be an intron encoded in the frag-
ment as a consensus intron start and ending signal (shown in
bold) . If the putative intron is removed a shift in reading
frame will occur. However,, an alignment of the deduced amino

25 acid sequence and the fungal lipases shown in Table 2.1
suggested that the fragment was part of the desired gene.

EXAMPLE 5

ClQnincr and characterisation of t^hA linA aene

(i) Construction of an Aspergillus tuJbl^exisis genomic library

30 Asperffillus tuhigensis genomic DNA was digested partially
with Tsp509l (New England Biolabs Inc.) . 10 fig DNA was dige-
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sted in 100 /xl reaction mixture containing 2 units Tsp5091,
After 5, 10, 15 eind 20 minutes 25 fil was removed from the
reaction mixture and the digestion was stopped by addition of
1 111 0.5 M EDTA, pH 8.0. After all four reactions had been

5 stopped, the samples were run on a 1% agarose gel in TAB
buffer (10 x TAB stock containing per litre: 48*4 g Trizma
base, 11,5 ml glacial acetic acid, 20 ml 0.5 M EDTA pH 8.0).
Hlndlll-digested phage Lsunbda DNA was used as molecular
weight marker (DNA molecular weight marker II, Boehringer,

10 Mannheim) . Fragments of a size between about 5 and 10 kb were
cut out of the gel and the DNA fragments were purified using
Gene Clean II Kit (Bio- 101 Inc. ) . The purified fragments were
pooled and 100 ng of the pooled fragments were ligated into l
/ig BcoRI- digested and dephosphorylated ZAP II vector (Strata-

15 gene) in a total volume of 5 2 /tl of this volume was
packed with Gigapack li packing extract (Stratagene) which
gave a primary library of 650,000 pfu.

E. coll strain XIil-Blue-MRF (Stratagene) was infected with 5x
50,000 pfu of the primary library. The infected bacteria were

20 mixed with top agarose (as NZY plates but with £ g agarose
P^i^ iitre instead of the agar) and plated on 5 NZY plates (13
cm) . After incxxbation at 37^C for 7 hours, 10 ml SM buffer
(per litre: 5.8 g NaCl, 2.0 g MgCl2"7H20, 50ml 1 M Tris'HCl
pH 7,5, 5.0 ml of 2% (w/v) gelatine) and incubated overnight

25 at room temperature with gently shaking. The buffer contain-
ing washed-out phages was collected and pooled. 5% chloroform
was added and after vigorous mixing the mixture was incubated
1 hour at room temperature. After centrifugation for 2

minutes at 10,000 x g the upper phase containing the
30 amplified library was collected and dimethyIsulphoxide was

added to 7%, Aliquots of the library was taken out in small
tubes and frozen at -80«C. The frozen library contained 2.7 x

10^ pfu/ml with about 6% without inserts

.
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(il) Screening of the A^er^illus truJbi^ensis library

2 X 50.000 pfu were plated on large (22 x 22 cm) NZY plates
containing a medium containing per litre: 5 g NaCl, 2 g
MgS04'7H20, 5 g yeast extract, 10 g casein hydrolysate, 15 g

5 agar, pH adjusted to 7.5 with NaOH. The medium was autoclaved
and cooled to about 60**C and poured into the plates. Per
plate was used 240 ml of medium.

The inoculated NZY plates were incubated overnight at 37**C
and plaque lifts of the plates were made. Two lifts were inade

10 for each plate on Hybond N (Amersham) filters. The DNA was
fixed using UV radiation for 3 min. and the filters were
hybridized as described in the following using, as the probe,
the above PGR fragment of about 360 bp that was labelled with
^^P-dCTP using Ready- to-Go labelling kit (Pharmacia).

15

The filters were prehybridised for one hour at 65 ^'C in 25 ml
prehybridisation buffer containing 6.25 ml 20 x SSG (0.3 M
Na3Citrate, 3. M NaCl) , 1,25 ml 100 x Denhard solution, 1.25
ml 10% SDS and 16.25 ml water. 150 /il 10 mg/ml denatured

20 Salmon sperm DNA was added to the prehybridizatipn buffer
immediately before use. Following prehybridization, the
prehybridisation buffer was discarded and the filters
hybridised overnight at 65oc in 25 ml prehybridisation buffer
with the radiolabelled PGR fragment- '

25 Next day the filters were washed according to the following
procedure: 2 x 15 min. with 2 x SSC + 0,1 % SDS, 15 min. with
1 X SSC + 0.1 % SDS and 10 min. with 0.1 x SSC + 0*1% SDS.

All washes were done at 65**C. The sheets were autoradlo-
graphed for 16 hours and positive clones were isolated; A

30 clone was reckoned as positive only if. there was a
hybridisation signal on both plaque lifts of the. plate in
question.
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Seven putative clones were isolated and four were purified by
plating on small petri dishes and performing plaque lifts
essentially as described above.

The purified clones were converted to plasmids using cin

5 ExAssist Kit (Stratagene)

.

Two sequencing primers were designed based on the about 360
bp PGR fragment. The sequencing primers were used to secfuence

the clones and a positive clone with the lipA gene encoding
lipase 3 was found. The isolated positive clone was

10 designated pL]CP4.

(iii) Characterisation of the pLIP4 clone

A restriction map of the clone was made. The above 360 bp PCR
fragment contained a SacII site and as this site could be
found in the genomic clone as well this site facilitated the;

15 construction of the map. The restriction map showing the ^ ^

structure of pIjIP4 is shown in Pig. 1, The restriction map
shows that the complete gene is present in the clone.

Additionally, since promoter and terminator sequences are
present, it was assumed that all the important regions is

20 present in the clone.

A sample of Escherichia coll strain DHSof containing pLIP4 was
deposited in accordamce with the Budapest Treaty with The
National Collections of Industrial and Marine Bacteria

Limited (NCIMB) at 23^ St. Machar Drive, Aberdeen, Scotland,

25 United Kingdom, AB2 IRY on 24 February 1997 under the

accession number NCIMB 40863

.

The gene was sequenced using cycle sequencing amd
conventional sequencing technology. The con5>lete sequence
(SEQ ID NO: 8) is Shown below in Table 5.1. The sequence has

30 been determined for both strands for the conplete coding

region and about 100 bp upstream and downs treaua of the coding
region. The sequences downstream to the coding region have
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only been determined on one strand and contains a few
uncertainties. In Table 5.1 shown below, the intron sequences
are indicated as lowercase letters and the N- terminal and the
two internal peptides (peptide 1 and peptide 2) are under-

5 lined:

Table S.g, The DNA sequence for the J YpA gene ^r^<^ fi^^v-i^^
sequences

1 CCNDTTiUlTCCCCCACCGGGGTTCCCGCTCCCGGAT^^
61 CCCCAGTTOOKaUVCGGaUlCAACCGCCGACCCGGAACAAAGGATCCGGAT^^
121 GGTGCCroATTGCATGGCTGGCTrCATCrGCtATCQ^^
181 TGTTGTCTGACTTACCCCGCrTCTTGClTTT^
241 GGTGGGTJUVTATGATATGGGTATiUU^^
301 GTGTGTGTGTGCATTGCAGAiUSCCCGTTGGTCGCAACGT^^
361 TATACCGCAAGATGTTCrCTGGACGGTTTGGAGTGCTT^^

10

15 M F S G R F GV I. T. TA I.AAI.

10 541

421 GTGCTGCCGCGCOXSCACCCKrrTOCTGTGCGGAgtaggtgCgccc^GAA APAPLAVR
481 gaC^gcactgatgaagggtgaatagGTGTCTCGACTTCCACGTTGGAT^^

S V S T S T I, D g L O L
TTaKrGCAATCGTCTGCCGCAGCTTATTG^
F A O W S A A A Y r fi w w I D S K D S N

601 TTGACATGCACGGCCAAOXrTGTCCATCAGTCGAGGAGGCCA
I. TCTA N AC PS V BEAST TMtL

661 GAGTTCGACCTgtatgtcactcagatcgcagacatagagcacagctaatttgaacagGAC
15 BFDL

T̂
721 GAACGACrrTGGAGGCACAGCCGGTTTCCTGGCCGCGGACAACACCAACAA^

» D F G G T A GFLAA DNTNKR LV
781 G<mXX:CTTCCGGGGAACX:AGCACGATTO^^

V A F R G S S T I B N W I A N L D F I L
0 841 GGAAGATAACGACGACCTCTOCACCGGCTGCAAGGTCCATACTGGimCT^

E D N D D L C T G C K V H T G F w r; a W
901 GGAGTCCGCTGCaSACGAACTGAaSAGCAAGATCAAGTCTGO^PSAADB LTfilTT-ir SAMS TYS6
9 61 CTATACCCTATACTTCACCGGGCACAGTITGGGCGGaKrATItS^

^ ^'^^YFTGHS LGGAL ATLGAT
1021 AGTTCTGCGAAATGACGGATATAGCGTTGAGCTGgtgagtccttcacaaag^^^

V L R N D G Y S y E I,

1081 cgacaatcgggaacagacagtcaatagTACACCTATGGATGTCCTCGAATCGGAAACl^^

YTYGC PRIGNY
) 1141 GCGClXK5CIGAGCATATCACCAGTCAGGGATCIX3GGGCaALA E H I T S Q G S 6 AN P R V T H I.
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1201 AJUXy^CATCGTCCCCCGGGTGCCACCCATGGACrrTGGA'^^

NDI VPR VPP MDPGF SQPSPB
1261 TACTGGATCACCAGTGGCAATGGAGCOUnXSTC^

yw its qngasv tasdievib
5 1321 ggjuvtcaattcaacggcgggaaatgcjukk:gaagcjuu:g<^^

.gi n stagn a geatvsvvah i.

1381 TGGTACTTTTTTGCGATTTCCGAGTGCCTGCXATAAC™

W . y F . F A 1 S B C I. L -

1441 ACGGGAGAAGTCTACATAAGTAATITAGTATATAATCAGAGC^^

10 1501 TGGTGAAAGAAGJUUICACATTGAGTTCCCATTACGK^

1561 GCTGGTTCCTCCACTTGGaUSTTGGCGGC

1621 CCJiCCI\CMCTCCCATCCrTGCCl>JSC^

1681 GGGGCCrCCGTGGTTCTCCTATATTATTCCATCCG^

1741 GCGCCGCCGOUUUVTCTCCCCGAGTCGGTCAACTCCCTCGA^

15 1801 TCACGACCCCGACCGTCTGYGATYGTCCAACCG

(Iv) Analysis o£ the sequence of blie complete gene

The peptide sequences obtained could all be foimd in the

deduced amino acid sequence (see Table 5.1) which confirms

again that the sequence found is the sequence of the lipase 3

20 gene. The gene was designated lipA.

The amino acid sequence was aligned with the three fungal

lipases used to align the peptide sequences. The alignment is

shown in Taible 5.2.

Table 5-2 Alignment of the lipase 3 sequence with known

25 fungal 1ioases

LXPASB3 MFSG RFGVIiL --"-TAIiAA 15

MD1A_PENCA MRliS FFTAIi - SAVAS 14

LIP__RHIDL MVSFISISQGVSIXa*LVSSMMLGSSAVPVSGKSGSSNTAVSASDNAAI*PP 50

LIP_RHIMI MVLKQRANTLGFLIVFFTAFIiV- -BAVPIKRQSKSTVDS --I.PP 40

30 * . -

LIPASB3 L - 16

MDIA_PBNCA I*--- - 15

LIP^RHIDI, LISSRCAPPSinCGSKSDLQAEPYNMQKKTBWyESHGGOTiTSIGKro 100

35 LIP RHIMI LIPSRTSAPSSSPSTTDPBAPAM SRNGPLPS. DVBTK 76
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GAAAPAPIA VRSVSTSTLDELQLFAQWSJUVA 47
11DIA_PBMCA GYALPCKKJ- - - - SPDVSTSELDQFEFWVQYAAAS 46
I.IP_RH1D1. GG^mJJLPSnAPPISI^SSTBSASDGGKVVaATTJ^^IQBFTKr^ ISO
I.IP_HHIMi YGMALKATSYPDSV VQAMSIDGGIRAATSQBINEl.TYrrTLSaHS 121

*. .

LIPASE3 YCSNNIDSK-DSNLTCTJUCICPSVEEASTTOI^
MDIA^PENCA VYEADYTAQVGDKI^CSKGNCPBVBATGATVSYDFS-DSTIT^ 95
LIP.RHIDL YCRSVVP.-.GNKWDCVQ.-CQKWWDGKXIT.-.TFTSI^T^^ 192

10 I.IP_RHIMI yCim^P-,.GATWDCIH.-Ca3A-TEDIJaiK.-.TWSTia^^ 162

I.IPASE3 DJnWCRLVVAPRGSSTIBNWljmiJDFIMDNDDLC^ 146
MDiA^PBNCA r>m^SAVvlJiFPGSYS^n^xm^

15 UP^RHIDL ' SDKQiCTIYLWRGTNSFRSArroiVFNFSDyK^ 241
I.IP_RHIMI GDSEKTIYrVFRGSSSIRNWIADI.TFVPVSYPPV-SGTKWTO 2X1

20

LIPASES

MDIA_PENCA
LIP_RHIDL

I.1P__RHIM1

AADELTSKIKSimSTySGYTLYFTGHSLGGAIJe^^ 1^3
VRDDIIKELKEVV3U?NPNYEIAnn/GHSLGAAVAT^^ - -RGKGYPSA 192
VVlTOYFPVVQEQLTiUIPTyKVIVT^

29X
VQNBLVATVIJ)QFKQYPSYK\TOVTGHSLGGKri^^ 261

MPASE3 E^"Y--GCPIUGNYAIAEHlTSQGSGANFinriOT^ 241
25 MDIA_PKNCA KLYAY

. -ASPRVGNAAIAKYITAQGN- •NFRFTHTOTPVPKLPLI.SMCJyV 238
LIP.RHIDL NI^IFTVGGPRVGNPTFAYYVESTGlPFQ-imraKRDITO 340
I.IP_RHIMI NLFLYTQGQPRyGDPAFANyVVSTGIPYR-RrVNBimiVPH^ 310

30 LXPASE3 QPSPEYWITSGNGASVTASDIEVIEGINSTWSNAGSATVSVV- - -AHLWY 288
MDIA^PENCA HVSPfiYWITSPNNATVSTSDIKVIDGDVSFDGNTCrro 288
LIP^RHIDL HPGVESWIKSGTSN-VQICTSEIE TKDCSWSrVPPTSIIJ)HLSy 383
LIP.RHlMr HA6BEYWITDNSPETVQVCrrSDI.E- - . - . -TSDCSWSXVPFTSVLDHLSY 354

35

40

1.1PASB3 FFAISECL L 297
MDLA_PENCA FVQVDAGKGPGLPPKRV 305
UP^RHIDI. F-DINBGSC I, 392
Za:P_RHIMI F-GINTGLC T 363

*

The above alignment shows that lipase 3 is homologous to the
known lipase sequences but that the homology is not very
high. Deletions or insertions in the lipase 3 sequence was
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not observed when comparing the sequence with these three

lipases. This strengthens the probability that the putative

introns have been identified correctly.

A search in SWISS -PROT release 31 database was performed ana

5 it did not lead to further sequences with higher homology

than that to the above knoiim lipases (Table 5.3).

The sequence with highest homology is a mono- diacyl lipase

from Penicillium camembertii where the identity is fouuid to

42 %. However the C- terminal of lipase 3 resembles the 2

10 lipases from Zygomycetes (Rhizopus and RhizomucoT) and not

the P. cBmemhertii enzyme.

TahiiP> q ;^iqniRent of codihcr sequences of the lipA. gene and

gene coding for mono-diacyl lipase from P^^rii r-i irjum cBmem-

hertl

15 LXPASE3 - MFSGRTOVIiLTMiAALGJU^APIAVRSVSTSTM -SO '

I I I I I II I II lllll II I III
MDIA_PENCA- MRI^FFTJUi-SAVASI/7yALPGKI^SIU>VSTSEIXK3FEFWVQ -49

* UPASE3 - cmXDSK-DSNLTCTAKACPSVEEASTTMia^FDLTroFGGTi^ -99

I I II II I I III Ml .

20 MDIA_PENCA- ADYTAQVGDKI.SCSia3NCPEVKATGimrSYDFS-DSTITDTi^^ -98

LIPASE3 - NIOU^VVAFRGSSTIENWXANIiDFIIiBDOTDI/nXKrK^^ -149

I I ill II III I lll ll ill I I

MDIA_PENCA- NSAVVIJlPRGSySVRNWVAnATFV-HTNPGLCTC -X47

laPASEB - ELTSKIKSWasrySGYTLYFTGHSl/SGAIJlTIXS^^

25 I II lllll I lit 11 11 II I II I

MD1-A_PENCA- DIIKEIJCBVVAQNPNYEI#VVVGHSLGJUVVATIA^^

GCPRlGNYAIiAEHITSQGSGWIFRVTHLNDIVPKVPPMDFGPSQPSPByW -248

11 II III II II III II II ii t I Mill
ASPRVGNAAIJaCYITAQGN- -NFRFTHTl!n)PVPKI.PI*I.Sl^^ -245

• 30 LIPASE3 - ITSGNGASVTASDIBVIEGIHSTAGNAGEATVSW AKLWYFFAISEC -295

III I I i III II I I II I M IN
. KDUl PBNCA- ITSPNNATVSTSDIK\aDGDVSFIX3NTGTGLPI*LTDPEMIWYTVQVI^ -295

-198

-197

LIPASE3

MDIA PENCA-
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5

20

25

30

35

MDIA_PBHCA.- KGPGZ.PPKRV -3OS

Zdenticy: 126 amino acids (42.42%)

The N- terminal of the mature lipase has been determined by N-
terminal sequencing to be the serine residue No. 28 of the
lipase 3 precursor (SEQ ID NO: 9) as shown in Table 5.4 below.
Hence the amino acids No. l to No. 27 is the signal sequence!

T^ble 5,4; ;^mino acid seeruftnce of rh^ pVeeurar.Y- »f lipase ^
^° = • 10 15 20 25 30

I I I I I I1MFSGRPGVI.I.TALAAI.6AAAPAPI.AVRSVS
31TSTI,DBX.QI,PAQWSAAAYCSN»IDSKDSNI.
61TCTANACPS V SB ASTTMtl.BPDI.TWDP GOT

15 31 A <5 P !• A A D N T N K R I. V V A P R G S S T I E W W I A H L
121 D F I L B D N D D I. C T G C K V H T G F W K A W E S A A D B
151 I. T S K I K S A M S T y S G Y T L y P T 6 H S I. 6 G A I. A T
.181. L GA T V L R N D G y S V B L Y T y G C P R I G N y A 1. A E
211 H ITS Q G S G A N F R V T H I, H D I V P R V P P H D p = G P
241 S Q P S P B y W r T S G N G A S V T A S D I B V I B G I N S
271 T A G N A G E A T V S VV A H I. W y F P A I S E C li L

• Number of residues : 297,

Residues 167-176 are recognised as a common motif for the
serine lipases (PROSITB) . The crystal structure for the
JZhizomucoir miehei serine lipase has been examined and the
residues in the active site identified (Brady et al.. Nature,
1990, 343:767-770; Derewanda et al.. j. Mol. Biol., 1992,
227:818-839). The active site residues of R. iniefaei lipase
have all been conserved in all the lipases and correspond to
the following residues in lipase 3: serine 173, aspartic- acid
228 emd histidine 285.

Lipase 3 contains 7 cysteine residues. Four of these are con-
served in the P. camembertil lipase where they form
disuiphide bonds (Isobe and Nokuhara, Gene, 1991, 103:61-67).
This corresponds to disuiphide bonds between residue 62- 67
and 131-134. In addition, two cysteine residues are
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homologous to two C residues which forms an additional

disulphide bond in Rhizopus auad RhJLzomucor lipases correspon-

ding to residues 49-295.

Two putative N-glycosylation sites were found in lipase 3 in

5 position 59 and 269. Neither of these are conserved in the

other fungal lipases.

EXAMPLE 6

Transfoarmation of Asnercrillus tubiaensls and overexpression

of lipase 3 in A . tiuhlaGnsis .

10 The protocol for transformation was based on the teachings of

Buxtpn et al. (Gene, 1985, 37:207-214), DsODoussi et al {Curr.

Genet., 1989,. 15:453-456) and Punt and van den Hondel, (Meth.

Enzym., 1992, 216:447-457).

A multicopy lipA strain was produced by trajisforming, the* ?

15 pI*IP4 plasmid into Aspergillus tubigensis strain 6M 179 using

cotransformation with a hygromycin resistant marker plasmid.

A screening procedure used to visualise fungal lipase after

ultrathin layer isoelectric focusing was adapted to screen

Asper-gilliis tuhigensis transformemts grown on agar plates.

20 Screening of lipase producers on agar plates was done using

2% olive oil as the substrate for the enzyme (lipase) as wellf

as the inducer for the lipase promoter. In addition, the

plates contained a fluorescent dye, Rhodamine B. In the

presence of olive oil, the trcuisformants will be induced to

25 secrete lipase. The lipase secreted into the agar plate will

hydrolyse the olive oil causing the formation of orange

fluorescent colonies that is visible upon UV radiation (350

nm) . The appearence of fluorescent colonies was generally

monitored after 24 hours of growth. After several days of

30 growth, the lipase producing strains could be identified as

orange fluorescent strains that are visible by eye. Under

this plate screening condition, the untransformed strain gave
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no^bacgroun. «uo.e3=ence an. appeared as opa^a pi^

s a„pp.eLn::.°:^^ h z.t:tTs.z te«ra« a„a 0.2* caaa»i„o acids. T^e ^t oTli±lsecretec. «s ^.„ied by appayia, i„ ^ of ceuf^^e cul

..a..o^„.s M,.eAr:a^f::™rei.::-
!

The can- free culture supematants from the five transfer
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"""^ «s=reta protein peal. «as ^served
20 «l^at!^ !!

™" °' P"'-^ peaks were
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S-folTi™'r:l""'"- ^'"^'^ r^r^o-ed a

fraction,™ ""^^^

IS LT™"^ °' '-"donated culture supernatant of"^^o^anc is sho™ in Pig. 3 ^ a similarchromatogra» for the untransfor^ed strain is sho«. in Flg;^.
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£t1d ^Vt"^'"""' carhoxy^thyxated and L.3^"=" " "-cerminal amino acid sequencing Of the first 150 amino acids and it was f™..,^ -k..
"rst IS

binanr , • ' se-J^an™ of the recom-

indicating correct signal sequence cleavage.
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The different lipase fractions collected after HIC were sepa-
rated on a 12% Tris-Glycine SDS gel and silver staining
revealed one protein band, confirming the homogeneity of the
fractions. In addition, the crude extract showed a major

5 lipase band as the only band that accximulated in the culture
supernatant in very high amounts when the fiingus was cultured
in the olive oil -containing medium.

The recombinant lipase was analysed by matrix-assisted laser
desorption ionisation (^4AIlDI) by means of a time-of -flight

10 (TOF) mass spectrometer as described hereinbefore. The mole-
cular weight of the recombinant lipase was 32,237 Da.

Detection of N- linked oligosaccharides was achieved by diges-
tion of the lipase with endo-/?-N-acetyl-glucosamidase H from
Streptomyrces (Sigma) . Digestion of recombinant lipase

15 secreted into the growth medium altered the mobility of the
band seen on SDS -PAGE which moved as a single band with a
molecxilar mass of about 30 kDa. ^

- •"
- . .

>.

Deglycosylated recombinant lipase generated by digestion with
endoglycosidase cuad oinalysed directly by MALDI mass spectro-
metty gave a molecular weight of the polypeptide backbone of
29,325 Da.

20

EXAMPLE 7

Construction of lipase 3 alvcosvlation mutants

Overexpression of lipase 3 in the A. tublgensis strain 6M 179
25 (Exanple 6) resulted in overglycosylation of the protein amd

subsequent reduction of enzyme activity.

In order to circiimvent the problem of overglycosylation and
loss of activity, several mutated lipA genes were con-
structed. A molecular model for the three dimensional struc-

30 ture of lipase 3 based on database con^jarison with )cnown
lipases and their solved crystal structures revealed the
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surface topology of the two putative N-glycosylation aites inlipase, l^xe two possible sites responsible for glycbsylationare the asparagine residues at N59 and N269. The 2 asparagineresidues were changed by mutation either to a threonine
residue (T) or to a glutamine residue (Q) . Mutation to
threonine (N>T) eliminates the amide group through which
asparagine is glycosylated without altering the siae of thesxde chain as well as retaining the polar oxygen. Mutation toglutamxne (N>Q) results in an extra carbon at the side chain
^1"'"°''^°° nnatants, N59T;N269T; N269Q and two double mutants, N59TN269T and N59TT.i690were constructed as it is described in the following.

Mutagenic primers designed to incorporate specific sequencemutations were phosphorylated using T4 polynucleotide kinaseas described in the Bio -Had Ml3 In Vitro Mutagenesis KitM^ual. Annealing to the single stranded DNA template tookplace in 20mM Tris, sOmM NaCl, 2inM MgCl, at a molar ratio ofprimer to template of 30:1. incubation at 30-0 for about l 5

t™ -y^^^^esis of the second strand was accomplished byT7 DNA polymerase (0.5 units) in a reaction mixture
containing 0.4 mM of each dNTP, 0.75 mM ATP, 17.5 mM Tris-Cl
(PH 7.4), 3.75 rm MgCl^, 21.5 mM DDT and 4T DNA ligase (5units) for ligation of the newly synthesized strand to the 5'
end Of the primers. The reaction was incubated on ide for 5mxnutes, then at 25-C for 5 minutes and finally at 37oc for
30 mxnutes and was stopped by the addition of stop buffer (10HM Tris PH 8, 10 mM EDTA) and freezing. Reactions were
analyzed on a 1% agarose gel in TAB buffer before

^
transformation into SURE S.coli. cells. The traksformants wereO analyzed by DNA sequencing.

The SURE E.cola. transformants containing the- mutated JipAgenes were deposited in accordance with the Budapest Treatywith The National Collections of Industrial and Marine
Bacteria Limited (NCIMB) at 23 St. Machar Drive, Aberdeen
Scotland, united Kingdom, AB2 IRY on 24 March 1998 under thefollowing accession numbers. The three single mutants.

20

15
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N59T: NCIMB 40931; N269T: NCIMB 40932; N2«9Q: NCIMB 40933 and
the two double mutants, N59TN269T: NCIMB 40934; N59TN269Q:
NCIMB 40935.

EXAMPLE 8

5 Transformation of Aspercrxllus tuhicrensis strain 3M pvrA with
linA mutants encoding lipase 3 alycosvlation t^i^ants and
expression of the mutated genes

(1) traxisfonaation procedure

Spores from the A. tuJbisrensis strain 3M pyr A were cultivated
10 overnight at 34 oc in a shake flask containing minimal media

supplemented with 2% glucose and lOmM uridine. The xnycelia
was harvested and resuspended in lysis buffer plus lysing
enzyme. The protoplasts produced were mixed with plasmids
encoding the different lipase glycosylation mutants by the

15 CO-transformation method.

(li) Expression of llph, genes coding for mutant lipases

The tfansformants were screened for production of mutsuit

lipases. Pure cultures of . transfonnants Were propagated in
liquid media in the following manner: spores were added at a

20 density of lO^/ml and grown at 34<>C for 5 days under shaking
at 200 rpm. The medium for cultivation of transformants
contained 100 ml minimal mediiom supplemented with 2% sun-
flower oil (inducer), 1.5% peptone, 0.2 casamino acids and 50
^g/ml ampicillin. Culture filtrate was collected each day and

25 tested on olive oil-rhodamine plates for lipase activity. The
oil - rhodamine plates were inspected for fluorescent halos
(lipase activity) after an overnight incubation at 37«C. In
addition, a chromogenic assay using 1, 2-0-dilauryl-rac-glyce-
ro-3-glutaric acid-resorufin ester (Lipase chromogenic

30 substrate, Boehringer Mannheim Biochemica, cat. No. 1179934)
was used to double check the filtrates collected on days 2,

3, 4 cuid 5. Table 8.1 below shows lipase activity of selected
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transformants expressing different modified lipa genes coding
for mutant lipase 3. Lipase activity was measured on day 5
using the above chromogenic assay.

^
T^b^e 8.1. Lipase acriviry of Upas. , ^^^^^^ .n.^Ho. v.,.

^ gflYCOSvlation Tmit-antig of hhe lip^ rjcr^^

Transformant Lipase type IiipaBe activity
160 N59T 0.478
161 N59T 1.327
S2-2 N269Q 0.840
S2-5

S2-6

N269Q

N269Q

0.102

0,916;
S2-7 N269Q 0.127
S2-8

S3-1

S3-3

N269Q

N269T

N2G9T

o.loo

1.04^

0,145
S3-4 N269T 2.86
S3-5

S3 -6

N269T

N269T

0.068

0.086
S3 -8 N269T 0.254
S4-1 N59TN269Q 1.088
S4-2 N59TN269Q 0.9^48

S4-3 N59TN269Q 1-75
S4-5 N59TN269Q 0.358
S4-7 N59TN269Q 0.097
24-6M N59TN269T 0.424
93-lOM

97-lOM

720-4 3M

N59TN269T

N59TN269T

N59TN269T

0 .249

0.26S

0.479
Strain 6M 179 overglycosylated

| 0.688
A. tixJbigrensis 3M pyr A \intransformed 0.053
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In addition, lipase activity in the cultu're filtrates of
transformants S3 -4. S4-3 and strain 6M 179 (expressing dver-
glycosylated lipase 3) showed increasing lipolytic activities
(Table 8.2) during fermentation from day 2 to day 5.

^ TSblQ 8.2, I^ip^fle activity In culture filtrah.^^ /^uring for-.
mentation (chromQo«>nic aaaav measured at 572 nm^

Strain Day 2 Day 3 Day 4 Days

S3-4 0.592 0-985 1.276 2.86

S4-3 0,176 0.452 0.680
•'c

1.75

SM 179 0.443 0.672 0.688
10

EXAMPLE -9

Fermentation and purlffir^a nion of wlid-tvpe and mort^f 4 0^1
lipase 3

(1) Fezmentatlon

15

20.

Spores (loS/ml) of Aspergillus tubigBnsis strains expressing
different lipase 3 glycosylation mutants were used to inocu-
late shake flasks containing 200 ml of minimal medium supple-
mented with 2% sunflower oil (inducer), 1.5% peptone, 0.2%
casamino acids and 50 /ig/ml ampicillin. The cultures were
grown with shaking at 200 rpm for 4 days at 34<»C. The culture
filtrate was separated from the mycelia by filtration through
nylon gauge.

(il) Purification of lipase

25

Samples of culture supernatant of S2-6, S3 -4, S4-1 and S4-3
fermentations, respectively were all treated in the same
manner. A 15 ml sample was first desalted on a PD-io column
equilibrated in 20 mM triethanolamine, pH 7.3. The desalted
sample was applied to a Source Ql5 (HR5/5) anion exchanger
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equilibrated in 20 mM triethanolamine/ pH* 7.3. Flow 1.5 m
ml/min. The column was washed with equilibration buffer xintil
a stable baseline was obtained. Lipase activity was then
eluted with a 30 na linear gradient of from 0 to 0.53 M NaCl

5 . in equilibration buffer. Fractions of 1.5 ml were collected.
I^e fractions were screened for activity using the plate
assay on tributyrin as described above.

To the pool of lipase activity from Source Q15 was added
ammonium sulfate to 1 M and the sample was applied to a

10 Source Phenyl HIC (HR5/5) column equilibrated in 20 mM sodium
acetate (pH 5.5), 1 M ammonium sulfate. The column was washed
with equilibration buffer^ Lipase was eluted with a linear
gradient from-1 to 0 M ammonium sulfate in 20 mM sodium
acetate (pH5.5), flow 1.5 ml/min. Fractions of 0.75 ml were

15 collected. The lipase peaOc fractions were totally homogeneous
(one band) as examined by SDS-PAGE followed by silver stai-
ning as described above.

The four different lipase glycosylation mutants behaved the
same way throughout the purification.

20 (ill) Detezxoination of specific activity

The specific activity was determined for the four purified
lipase mutants. Both with respect to activity on tributyrin
(LUT) as described cibove and with respect to sun flower oil
(LUS) as also described previously. Protein was determined as

25 described as above. The results are summarized in Table 9.1
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Table 9,1, Specific activity of Iml^an t: lipases aa compai-*^ri

wild- type lipase 3 and Qveralvcnqylated linasf^ ^.

Lip - 3

Wild-

type

Lip. 3

over

glyco-

sylated

S2-6 S3-4 S4-1 S4-3

Protein

Mg/nil

7.6 10.5 27.2 24,1 25,2 26.3

LUT/ml 30 37 86 54 73.6 72 . 6 .

liUT/mg

protein
3,947 3,524 3,162 2,241. 2,921 2,756

LUS/ml 104 55 283 88.2 261 248

LUS/mg

protein
13,684 5,238 10,404 3,660 10,357 9,415

10

15

20

It can be seen that the specific activity of the mutant
lipases expressed in S2-6, S4-1 and S4-3 is twice the speci-
fic activity of the overglycbsylated lipase 3 when measured
(LUS) on sunflower oil which contains long chain fatty acids
like lipids normally present in flour and dough. When
measured on tributyrin (LOT) the differences in specific
activity are less pronounced. This could be explained by the
fact that a possible "shadowing" of the active site by over-
glycosylation will be less detrimental if the substrate is
small like tributyrin as opposed to the long fatty acid
chains in sunflower oil. The specific activity of the S3-4
lipase 3 is lower than that of overglycosylated lipase 3
(measured on sunflower oil) .

When assayed in the LUS assay none of the mutants have quite
25 as good specific activity as the wild- type lipase 3, but as

shown
,
in a following example, the enzymatic activity is

higher for the glycosylation mutants than for the wild- type
lipase 3 in a dough system.
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(iv) Determination of molecular weight

The apparent molecular weight of the purified ntutant lipases
was determined by running the lipases on one SDS-PAGE gel.
The results are shown in table 9*2.

and xmxtant lipa«P>a

Lip. 3

Wild-

type

Lip. 3

Overgly-

cosylated

S2-6 S3-4 S4-1 S4.3 S5

1

MW
(kDa)

34.8 38.9 34.8 34.8 31.2 31.2

10

15

20

It is seen that the overglycosylated lipase gives rise to a
lipase 3 molecule which has a larger molecular weight than
the wild-type native lipase 3 . By removing one of the two
potential N-glycosylation sites as it is done in S2-6 (N269Q)
and in 3S-4 {N269T> a lower molecular weight was obtained,
but it is still slightly higher than for the wild- type lipase
3, indicating overglycosylation at the second glycosylation
site. By removing bbth potential N-glycosylation sites as in
S4-1 and S4-3 (both N59T N269Q) , a molecular weight clearly
lower than that of the wild-type lipase 3 is obtained which
IS xn agreement with a total lack of N-glycosylation in this
nnitant.

25

(V) Determination of the Isoelectric point for lipase xmitants

The isoelectric points for the 4 different lipase
glycosylation mutants were determined by chromatofocusing on
a Mono P (HR5/5) to be pH 4.1 for all the mutant enzymes. The
column was equilibrated in 25 mM bib-tris, pH 6.10. A pH
gradient was generated by running ioo% of a 10% polybuffer 74
in water (pH 3.8 with HCl) plus 2.5% betaine, this eluted the
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lipase{s)- Flow 0.70 ml/min. Fractions of 0.4 ml were col-
lected.

(vl) Determination of temperature stability of mutant lipase
S4-1

5 A saittple of purified lipase S4-1 (296 LUT/ml) was diluted l:i
with 200 mM NaAc, pH 5.0. Bppendorf tubes witb 1 ml of this
diluted san5}le were incubated for 1 hour in a waterbath at
30, 40, 50 cuid 60**C respectively. A control was treated the
same way but left at room temperature. The remaining lipase

10 activity was determined by the p-nitrophenyl acetate assay as
described previously. The results are shown below in Table
9.3.

Table 9,3. Temperature stability of mutant lipase fS4-l)

compared to wild-tvoe lioasb ^

Temperature (**C) Mutcint lipase S4-1
(activity)

20 (Control) 100%

30 107%

40 96%

50 89%

60 53%

(vii) Determination of pH stability of mut.ant lipase S3-4

Samples of 200 fil purified mutant lipase S3 -4 were added to 5

ml of 50 itiM buffer (pH 3.5, 4.0, 5.0 NaAc and pH 6.0, 7.0,
8.0 phospate buffer) , The control was diluted in to 5.0 ml of

25 4 mM NaAc, pH 5.5. After 4 days at 20«C the saiqples were
measured for residual activity by the Modified Food Chemical
Codex assay for lipase activity as described above. The
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mutant lipase S3 -4 was very stable in the pH range from 4 o
to 8.0 where it maintained about 100% activity relative to
the control. At pH 3.5 the lipase maintained 88% activity as
compared to the control. The results are shown in Table 9.4.

5 T^lg 9.4. PH stability of mutant lir>a«^ S^.a

pH Activity (LDT/ml) Activity (%)

Control (pH 5.5) 30.6 100

3.5 26.9 88

4-0 29.3 96

5,0 30.3 99

6.0 35,3 115

7.0 33.3 109

8.0 3X.3 102

10

20

25

EXAMPLE 10

^5 Baking exnerimgnts using lipase 3

1,0,1, BQkincT procedures and analytical methnda

(1) Baking procedure for Danislx toast bread

Flour (Danish reform flour) 2000 g, dry yeast 30 g, salt 30 g
and water corresponding to 400 Brabender units + 3%, was .

kneaded in a Hobart Mixer with hook for 2 min. at low speed
and 10 min. at high speed. Dough temperature after kneading
was 250c. Resting time was 10 min. at 30*»C. The dough was
scaled 750 g per dough and rested again for 5 min at 33*0 and
85% RH. After moulding on a Glimik moulder/ the dough were
proofed in tins for 50 min at 33 and baked in a Wachtel
oven for 40 min at 220*»C with steam injection for 16 sec.
After cooling, the bread was scaled and the volume of the
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bread was measured by the rape seed displacement method. Thespecific volume is calculated by dividing the bread volume
(ml) by the weight (g) of the bread.

The crumb was evaluated subjectively using a scale from 1 to
'

Lr^" " ^"^'=*"°9^°«°«s 5 = nicely homogene-

Three breads baked in tins with lid were stored at 20oc andused for firmness measurements and pore measurements hry meansof an Image Analyzer.

10

15

20

25

30

(ii) Baking procedure for Danish rolls

Flour (Danish reform) 1500 g, con^Jressed yeast 90 g, sugar 24
g, salt 24 g and water corresponding to 400 Brabender units -
2V were kneaded in a Hobart mixer with hook for 2 min. at lowspeed and 9 min at high speed. After kneading, the dough
ten^jerature was 26«C. The dough was scaled 1350 g. After
resting for 10 min. at 30oc, the dough was moulded on a
Fortuna moulder after which the dough was proofed for 45 min
at 34-C and baked in a Bago oven for 18 min. at 220-C with
steam injection for 12 sec. After cooling, the rolls were
scaled and the volume of the rolls was measured by the rape
seed displacement method. Specific volume is calculated as
described above.

(±11) Determination of pore homogeneity

The pore homogeneity of the bread was measured by means of anxmage analyzer composed of a standard CCD-video camera, avideo digitiser and a personal coir5,uter with WinGrain soft-
ware. For every bread, the results of pore diameter in mm andpore homogeneity were calculated as an average of measure-
ments from 10 Slices of bread. The pore homogeneity was
expressed in % of pores that are larger than 0.5 times the
average of pore diameter and smaller than 2 times the average
diameter/
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(Iv) Determination of flnnness

The firmness of bread, expressed as N/dm^, was measured by
,

means of an Instron OTM model 4301 connected to a personal
conputer. The conditions for measurement of bread firmness

5 were:

Load Cell Max. lOO N
Piston diameter 50 mm
Cross head speed 200 mm/min
Ccnipression 25%

10 Thickness of bread slice ll mm

The result was an average of measurements on 10 bread slices
for every bread.

(v) Determination of gluten index

Gluten index was measured by means of a Glutomatic 2200 from-
15

.
Perten instruments (Sweden) . Immediately after proofing, is %
of dough was scaled and placed in the Glutomatic and washed
with 500 ml 2* Nad solution for lo min . The washed dough was
transferred to a Gluten Index Centrifuge 2015 and the two
gluten fractions were scaled and the gluten index calculated

20 according to the following equation:

Gluten index = (weight of. gluten ranaining on thd sieve x
100) /totaJ. weight of gluten

(vi) Extraction of lipids from dough

25

30

30 g of fully proofed dough was immediately frozen and
freeze-dried. The freeze-dried dough was milled in a coffee
mill and passed through a 235 ;tm screen. 4 g freeze-dried
dough was scaled in a 50 ml centrifuge tube, with screw lid
and 20 ml water saturated n-butanol (WSB) was added. The
centrifuge tube was placed in a water bath at a temperature
of 100«C for 10 min. after which the tubes were placed in a
Rotamix and turned at 45 rpm for 20 min. at ambient tempera-
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ture. The cubes were again placed in the -water bath for lomxn. and turned on the Rotamix for another 30 min. at ambienttemperature

,

-nie tubes were centrifuged at 10,000 x g for 5 min. 10 ml of
.

the supernatant was pipetted into a vial and evaporated todryness under nitrogen cover. This sample was used for HPLCanalysis

.

A similar sample was fractionated on a Bond Elut Si (Varian
1211-3036). The non-polar fraction was eluted with lo ml
cyclohexanrisopropanol: acetic acid (55:45:1) and evaporated
to dryness. This sanple was used for GLC analysis.

(vii) HPLC analysis

column: LiChrospher 100 DIOI. 5 ;xm (Merck art. 16152) 250x4 mmwith a water jacket of a temperature of 50«c.

15 Mobile- phases: -

A: heptan:isopropcmol:n-

butanol:tetrahydrofuran:isooctan:water (64.5:17.5:7:5:5:1)

B: isopropanol:n-butanol:tetrahydrofuran:isooctan:water
(73:7:5:5:10)

20 The mobile phases contained 1 mbol trifluoroacetic acid per 1mobile phase and were adjusted to pH 6.6 with ammonia.

Pump: waters 510 equipped with a gradient controller •

Gradient:

25
Flow (ml/min) Time (min) A (%) b (%)

0 100 0

25 t) 100
30 0 . 100
35 100 0
40 100 0
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Detector: CUNOW DDL21 (evaporative 1 ight- Scattering) ; tem-
perature 100-C; voltage: 600 volt; air flow: 6.0 1/min.

Injector: Hewlett Packard 1050; injection volume: 50 fil.

The samples for analysis were dissolved in 5 ml chloro-
5 form:methanol (75:25), sonicated for 10 min and filtered

through a 0.45 fxm filter.

(vlll) GLC analysis

Perkin Elmer 8420 Capillary Gas Chromatograph equipped with
WCOT fused silica column 12.5 m x 0.25 mm coated with 0.1 ^
stationary phase of 5% phenyl -methyl -silicone (CP Sil 8 CB
from Crompack) .

Carrier: Helium
Injection: 1,5 ^1 with split
Detector: PXD 385**C

15 Oven program:
Oven tenperature, ®C
Isothermal time, min
Temperature rate, **C/min

10

20

1 2 3 4
80 200 240 360
2. 0 0 10
20 10 12

Sample preparation: 50 mg non-polar fraction of wheat lipids
was dissolved in 12 ml heptane

:pyridine (2:1) containing 2
mg/ml heptadecane as internal standard. 500 fil of the so-
lution was transferred to a crimp vial and 100 fil N-methyl-N-
trimethylsilyl-trifluoracetamide was added. The mixture was
allowed to react for 15 min at 90»C.

25 Calculation: Response factors for mono- , di- and
triglycerides and free fatty acids were determined from
reference mixtures of these components. Based on these
response factors, the glycerides and the free fatty acids
were calculated in wheat lipids.
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Danish
l7T-rnrl

Tables 10.1 to 10.4.
cescs are shown In

10

15

1 Lipase

1
LUS/kg

1 flour

0 5,000 15,000 55,000

1
Specific

1 volume of

1 bread

4.43 4.43 4.22 4.37
j

II
Firmness

1
Da:y 1

35 33; 32 30

H Fizmness

1
Day 7

90 90 85 73
1

Tabl^ in o

20
Lipase

LUS/kg flour

Average diameter of
the crumb pore, mm

Homogeneity of
crumb pore, %

2.96

64.9

5,000

2.33

73.8

15,000

2.47

66.0

25, 000

2.65

67.1
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Lipase

LUS/kg flour

0 5,000 15,000 25,000

Fatty acids, % 0.090 0.148 0.218 0.241

5 Monoglycerides, % 0.017 0.031 0-035 0.039

Diglycerides , % 0.020 0.036 0.040 0.045

Triglycerides , % 0.790 0.714 0.673 0 . 622
1

Table 10.4

10

Lipase

LUS/kg flour

0 5,000 15,000 25,000

Monogalactosy

1

diglyceride, %

0.073 0.040 0.025 0.018

Digalactosyl

diglyceride, %

0.244 0,220 0.182 0.127

15 Digalactosyl

monoglyceride , %

0.008 0.022 0,044 0.054

-

Phosphatidyl

choline, %

0.064 0.073 0.055 0.041

20

: Lys©phosphatidyl

choline, %
1

0,164 0.182 0.171 0-165

By the addition of up to about 5,000 LUS/kg flour of the

lipase no change in bread volume was observed, but at a

higher dosage of lipase 3 there was a tendency to a small but

not statistically significant* decrease in volume (Table

25 10.1).

Prom the results in Table 10.2 it appears that lipas 3

improved the bread crumb homogeneity and that the average

diameter of the crumb pores was reduced significantly.
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The gluten index also clearly correlated 'to the addition of
lipase 3 as an indication of a more firm gluten caused by the
modification of the wheat lipid components causing better
dough stability auid a niore homogeneous bread pore structure.

5 However, these modifications appeared to be optimal at the
addition of 5, 000 LUS/kg flour of lipase' 3 whereas a higher
dosage resulted in a too strong modification of the wheat
gluten.

The results of the GLC and HPLC analyses (Table 10.3) clearly
10 demonstrated that the triglycerides in the dough were

hydrolysed. But more interestingly, there was also cdsserved a
modification of the glycolipids, monogalactosyl diglyceride
and digalactosyl diglyceride. These components . were converted
to the more polar coirponen'ts monogalactosyl monoglyceride and

15 digalactosyl monoglyceride. As digalactosyl monoglyceride is
a more surface active component than digalactosyl diglyceride
it is assximed that this conppnent contributed to the observed
improved crumb cell structure cuid homogeneity. It" also
appeared that phospholipids like phosphatidyl choline were
only modified to a very small extent.20

10.3. Baking exnerimentia with linase 3 in Danish rolla

The effect of adding lipase 3 to a dough for maJdLng Demish
rolls was evaluated. The enzyme was added as a freeze-dried
preparation on maitodextrin together with the other ingre- ,

25 dients. The results of the baking tests are shown in Tables
10.5 to 10.7.
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Table 10.5

Lipase 3

LUS /kcT €1our

0 10, 000 20,000 30,000

5

Specific volume of bread

(45 min fermentation)

6.86 7.04 6-35 6.36

Specific volume of bread

(65 min fermentation)

8.30 8.59 8.23 8.04

Subjective evaluation of

crumb homogeneity

3 5 4 4

10 Table 10.6

Lipase 3 .

LUS/kg flour

0 10,000 .
20,000 30,000

Free fatty acids. % 0.060 0.126 0.173 0.211

Monoglycerides , % 0.028 0-050 0-054 0.063

15 Diglycerides , % 0.103 0.095 0.110 0 . 104

Triglycerides , % 0.705 0.561 0.472 0-436

•rable 10.7

Lipase* 3

LUS/kg flour

0 5,000 15,000 25,000

20 Digalactosyl

diglyceride , %

0. 204 0 .187 0 .154 0.110

Digalactosyl
monoglyceride , %

0. 007 0 .026 0 .047 0.074

25

Phosphatidyl

choline, %

0. 077 0.078 G1.077 0.063

Lysophosphatidyl

choline, %

0. 153 C1.161 0.162 0.150
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It is apparent from the results shown in^Table 10.5 that the
addition of lipase 3 does not significantly increase the
volume of the rolls. Furthermore, lipase 3 was fo\ind to
improve the homogeneity of the crximb.

5 The GIiC and HPLC analyses of the wheat lipids, as shown in
Tables 10.6 and 10.7, demonstrated the modification of these
lipids.

EXAMPLE 11

Comparative baking experiments using lipase 3 and commercial
10 lipase products

Lipase 3 was tested in Danish rolls in a con^arative test
with two commercially available lipase, products: NOVOZYM 677
BG (no. 1885) from Novo Nordisk (Denmark) and Lipase A "Amano
6" (no. 1757) from -Amano (Japan). The results are sxunmarized

IS in Table li.l.

Table . 1

Lipase Control Lipase 3 No.

1885

No.

1757

No.

1757

LUS/kg flour 0 500 500 500 1,000

Specific volume
of rolls

5.94 6.05 6.36 6.22 6.58

It is apparent from the results in TeUDle 11.1 that lipase 3

has no effect on the volvune of rolls whereas a significcint
volume effect was observed for the commercial enzyme products
no. 1885 and no. 1757.
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EXAMPLE 12

ContDaratlve experiments showing the relative hydrolysis of

triglycerides compared to hydrolysis of DGDG

Lipase 3, lipase no. 1885 and lipase no, 1757 were tested in

5 Danish rolls with the purpose of studying the relative hydro-

lysis of triglycerides as compared to the hydrolysis of

digalactosyl diglyceride (DGDG) . Fully proofed dough was

freeze-dried and extracted with water saturated n-butanol.

The extracted lipids were analysed by GLC cuid HPLC as

10 described above. Prom the analytical results the degree of

hydrolysis of triglycerides compared to the degree of hydro-

lysis of digalactosyl diglyceride (DGDG) at different levels

of lipases was calculated. The levels of lipase used were for

No. 1885: 0, 400 and 800 LUS/kg flour; for No. 1757: 0, 1770

15 and 2360 LUS/kg flour and for lipase 3: 0, 10,000 and 20,000

LUS /kg flour. The results are shown in Table 12.1.

Table 12.1

Lipase
1

No. 1885 No. 1757 Lipase 3

% -

trigly-

ceride

% DGDG %

trigly-

ceride

% DGDG %

trigly-

ceride

% DGDG •

0 p 0 0 0 0

31.8 2 14.2 1.5 20.4 8.3

43.6 3 17.1 3.6 33 24.5

From the results in Table 12.1 it is apparent that lipase 3

has a significant effect on the hydrolysis of digalatctosyl

diglyceride whereas the effect of the two commercial avail-

able lipases. No. 1757 and No. 1885, are negligible-



EXAMPLE 13

63
PCT/DK98/00137

Baking experiments using lipase 3 in cQmhination witt^ a

diacetvl tartaric acid ester of mono- and dialyceridea of
fatty acidfl

5 Lipase 3 was tested in combination with a diacetyl tartaric
acid ester of mono- and diglycerides of edible fatty acids
having a saponification value of 355 and an acid value of 60
(PANODAN A2020 DATBM) . The rolls were baked after four dif-
ferent fermentation times 45, 65, 85 and 105 minutes. Lipase

10 3 was added to the dough ingredients as a freeze-dried pow-
der. Pore homogeneity was subjectively evaluated on a scale
from 1 to 5 where 1 = course inhomogeneous and S « nice
homogeneous. The results of the escperiments are shown in
Table 13.1.

IS Table 13,1

20

DATBM, % 0.35 0.15 0.25 0.35

Lipase 3, LUS/kg flour 0 5,000 5,000 5,000

Sp. Volume, 45 min. 4.98 4.97 5.00 5.39

Sp. Volume, 65 min. 7 . 00 7.44 7.33 7.88

Sp. Volume, 85 min. 7.49 7.81 8.28 8.57 .

Sp. Volxime, 105 min. 8.06 7.99 8.87 8.91

Pore homogeneicy, 105 min. 3 5 5 5

It appears from Table 13.1 that lipase 3 in combination with
DATEM improved the pore homogeneity and it was found that

25 there was a combined effect which means that it is possible
to use DATEM at a much lower concentration in combination
with lipase 3 and still obtain the same volume and a better
crumb.
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EXAMPLE 14

Bcikina experiment with lipase 3 in the preparation of nar^igVi

rolls with and vithout the addition of soy oil

The effect of purified wild-type lipase 3 was tested in the
5 preparation of Danish rolls with and without the addition of

soy oil to the dough. The baked rolls were evaluated for
specific volume, cirumb pore homogeneity and bread crust qual-
ity Specific volume was measured as previously described.
Pore homogeneity was subjectively evaluated on a scale from 1

10 to 10 where 1 « course inhomogeneous and 10 « nice homogene-
ous. Bread crust quality was evaluated on a scale from 1 to
10 where 1 = low quality euid 10 =» high quality.

Fully proofed doughs from these baking tests were frozen and
freeze-dried. The freeze-dried doughs were extracted with

15 water, saturated butanol and the content of free fatty acids
was determined by GLC analysis as also descrdLbed in Example
10. The results from the baking tests and analysis of free
fatty acids are summarized in Table 14.1.

Table 14,1. Evaluation of roll bread quality and the content
20 of free fatty acid in proofed dough

Lipase 3

LUT/kg
flour

Soy oil

in dough

%

Specific

bread
volxime

cm^/m

Pore

homo-

geneity

Bread
crust

cjuality

Free

fatty

acids %o

0 2 7.18 2 2 1.27

1,500 - 2 6.94 3 4 1.65

4,500 2 6.85 7 6 2.10

13, 500 2 6.38 8 5 2.84

0 0 6:60 3 2 1.34

1,500 0 6.56 3 3 - 1.53

4,500 0 6.31 6 6 2.04

13,500 0 5.62 7 6 2.71
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From the baking experiment it appears that lipase 3 improves
both the pore homogeneity cind crust quality both in bread
with cuid without added oil. By adding a high level of lipase
3 (13,500 IiUT/kg flour) a reduction in bread volume was

5 observed.

The results of the analysis for free fatty acids in dough
from these baking experiments are also shown in TcdDle 14 .l.

From these results it appears that lipase 3 is active in
dough irrespective of whether oil is added or not. Further*

10 more, the level of free fatty acids in the dough was at the
same level in doughs with and without oil.

EXAMPLE 15

Formation of ethyl ester in douah bv adding lipase 3

• As shown in Example 14, free fatty acids are produced when
15 lipase 3 is added to a dough. During fermentation of a bread

. dough, the yeast produces carbon dioxide and ethanol, and the
level of ethanol in a dough is normally in excess of 1% at
the end of proofing. When lipase 3 iS: present in the dough,
this

, enzyme not only catalyses the hydrolysis of
20 triglycerides, but it was surprisingly found that ethyl ester

of fatty acids is also formed.

Ethylesters of fatty acid is a well-known flavour component
which is i.a. used to mask off-flavours in fat based food.

.
BaJcing experiments not reported here have shown that JLipase

25. added to a dough is able to mask "old" taste of bread which
occurs when bread is made from flour stored at 35'*C for 3

months. This might be explained by the formation of ethyl
esters in the dough.

The amount of ethyl ester of fatty acids was determined by
30. extracting freeze-dried dough with water saturated butanol.

The isolated fat phase was analysed by GLC-MS to determine
both the identity and the amount of ethyl esters of fatty
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acids. The results from these analyses are shown in Table

15.1

Table 15.1, Content of ethyl eater of fattv acids in dough

wi^th add^d 3,ip?ige

Lipase 3, LUT/)cg flour Ethyl ester of fatty acids, ppm

0 8

1,500 9

4,500 20

13,500 93

10 The results clearly show an increasing level of etljyl ester

of fatty acids with increasing dosage of lipase in the dough.

EXAMPLE 16

The effect of lipase 3 in sponae cakes

The effect of lipase 3 was tested in a sponge cake made by

15 the following recipe and procedure.

Sugar 208 g
Flour 188 g
Corn starch 60 g
Baking powder 14 g

20 Egg 200 g
GATODAN 504,

sponge cake gel* 18 g
Water 150 g
Lipase 3 see below

25 *Emulsifier consisting of glycerol and propylene glycol

esterified with edible fatty acids (28%) , ethanol (8%) ,

Grindsted PS 409 (25% sodixim stearate in glycerol) (6%) and

water (58%)

.
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•

All the ingredients were mixed for 6 minutes using a Hobart N
50 mixer • The cake mix was scaled 3 x 175 g into sponge cake

tins and baked for 35 minutes at 180^C«

Specific voliame of the cake was measured by the rape seed

• 5 displacement method and the softness of the cake was measured

after storage at 20<*C for 7 days using an Instron Food

Tester.

The results of the baking test are summarized in Table 16.1.

Table 16.1. Specific cake volume and softness after 7 days of

10 storage (hPa)

Lipase 3

(LUT/kg flour)

Specifik csJce vol-

ume (cm^/g)

Softness after 7

days of storage

(hPa)

0 6.31 59

1,000 6.34 47

2,000 6.31 41

4,000 6-31 41

10,000 6.31 ^1

From the results it appears that lipase 3 inqproves the cake

softness without changing the volume of the cake.

20 BXAMPIiB 17

Baking experiment using lipase 3 aTiri optionally hemicellulase

for the preparation of rye/wheat bread.

Rye/wheat bread was made from a dough containing the follow-

ing ingredients: Wheat flour, 667 g; sifted rye flour, 1333

25 g; "Back aroma sauer" 40 g; cort5)ressed yeast, 60 g; salt 44

g; water, 1160 g; lipase 3, see below; GRINDAMYL* H 121

(commercial hemicellulase product of Grindsted Products,

Brabrand, Denmark).
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The dough was mixed using a Kemper mixer for 2 min. at low

speed and for 11 min. at high speed. Dough temperature 27

resting time 30 min. at 32**C, scaling 800 g, proofing 20 min.

at 32*0 and 85% RH, baking for 30 min. at 230*C and 10 sec.

5 steam.

Dough stickiness was evaluated using a scale from 1 to 5

where 1 = very sticky and 5 = normal not sticky. Specific

bread volume was also evaluated. The results are shown in

Table 16.1.

10 Table 17-1.. The effect of lipase 3 on stickiness and bread
volume with ajid without addition of GRINDAMYIj'* H 121

1 grindamyl" h

1
121 ppm

Lipase 3

LUT/kg flour

Specific vol-

ume cm^/g

Dough sticki-

ness

150 0 2/48 4

150 10,000 2,59 5

200 0 2,79 4

1

10,000 2,74 5

The addition of Lipase 3 in combination with hemicellulase to

rye/wheat- bread -clearly inqproved the handling properties of

20 the dough in that the dough was less sticky.

EXAMPLE 18 .

Evaluation of the effect in model dough system of lipase 3

produced bv A, tnilDxaensls transformants

.

Lipases produced by five A. tubicfensis transfonnants : 161,

25 S2-6, S3-4. S4-1 and 720-4 3M (see Table 8.1) were tested in

a model dough system at different concentrations ajid the

formation of free fatty acid was analyzed according to the

following procedure:
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A dough was prepared using the following ingredients: flour,

50 g; dary yeast, 0,375 g; NaCl, 0*75 g; water, 28 g, lipase,
see below. Flour, dry yeast and salt was mixed for l min, in
a Brabender mixing bowl (50 gram) . Lipase and water was added

5 to the dough followed by mixing for 6 min. at 62 rpm.

The dough was transferred to a beaJcer provided with a lid and
the dough was fermented 60 min. at 32«C. The dough was
freeze-dried. The freeze-dried dough was grounded and sieved
and extracted with water saturated butanol (WSB) . WSB was

10 evaporated under a strecun of Nj and the content of free fatty
acids were determined by spectrophotometry according to Kwon,

D.Y. and J.S. Rhee, 1986, JAOCS 63:89.

In a first experiment the purified wild- type lipase 3 was
compared with the mutant enzyme produced by trans formant S3 -4

15 at different concentrations as shown in Table 18.1. The
results clearly showed an increased level of fatty acid with
increasing level of enzyme dosage. However it was also evi-

dent that wild-type lipase 3 levels off at about 3 %o fatty
acid at high lipase dosage: whereas the lipase produced by

20 transformant S3 -4 continued to produce more fatty acids at

increased enzyme dosage up to about 5 %o fatty acid.

Table 18.1. Release of free fatty acids in a douah model
system

LUT/kg Lipase 3

%o fatty acid

Transformant lip 3-4

%o fatty acid

0 0.81
, ,—

0-81

1,000 1.02 1.66

2,500 1-35 2.38

5,000 2.25 4.40

10,000 2.81 4.91
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Lipases produced by transfoiroants 161, S2-6, S4-1 and 720-4

3M were also tested by the same procedure with results as

shown in table 18.2.

Table 18.2. Release of free fatty acids in a douah model

5 system

LUT/kg

flour

161

%o fatty

acid

S2-6

%o fatty

acid

S4-1
%o fatty

acid

720-4 3M
%o fatty

acid

0 1.57 1 .12 1,12 1.57

1,000 2.03 2.05 2.39 2,18

2,500 3 .46 2.58 2.91 2.85

5,00Q 3.55 4,35 r 3 .92 3.89

10,000 5.29 6.15 6.21 5.95

The results clearly demonstrated that the five different

transformant lipaseig were moire active in a dough as compared

15 to wild- type lipase 3 when conqpared at the same enzyme dosage

(LUT/kg)

.

EXAMPLE 19

Baking experiment us inor lipases produced by S3 -4 and S4-1, in

the preparation of Danish rolls.

20 Baking experiments where Danish rolls were made with differ-

ent dosages of lipase produced by transfontietnt S3 -4 and S4-1,

respectively, was carried out. After baking, bread specific

volume was determined and the crumb homogeneity was evaluated

subjectively as described above. The results from the baking

25 tests are shown in table 19.1.
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Table 19.1. The effect on bread quality of lipases produced
bv transformants S3-4 and S4-1, respectively

Enzyiae pro-

ducing trans-

forxnant .

.

Dosage

LUT/kg flour

Specific vol-

ume CJxr/g

Crumb score

0 6,52 4

S3-4 1,000 6,64 4
.

S3 -4 2,500 6,61 5

S3-4 7,500 5,88 8.

S4-1 1,000 6,08 5

S4-1 2,500 5,9 7

S4-1 5,000 5,51 9 -

Increased dosage of both the above lipases iitqproved the C3r\unb

structure and produced bread with better appearance and crust
structure. At high dosage of the S3 -4 produced enzyme, a

15 decrease in bread volume appeared suad the same tendency was
observed for the S4-1 produced lipase at a lower dosage.

It is concluded that also. these tested mutant lipases
improved dough and bread stability and improved the crtiinb

structure as does the wild- type lipase 3.
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INDICATIONS REJU^TING TO A DEPOSITED MICROORGANISM

(PCTRulc 136£s)

A« Tbc indicaUoxisiiiadebelov^ relate to the nucroof^msmrefc^^

B. XD£NTIFTCATIONOFDEPOSIT Further demits are tdentiCed oo aD addttiooal sheet [TC\

Nuneofdeposiutyinscitutioo The Kational .Collections of Industrial and
Marine Bacteria Limited (NCIMB)

Address ofdq>ositary institotSon (incftnRngpcatatfcode and cMintry)

23 St. Machar Drive/ Aberdeen, Scotland, United Kingdom,-
AB2 IRY

Date ofdeposit

24 February 1997
Aooession Number

NCXMB 40863

C. ADDmONAl.INDICATIONS(3<m&W{fiio<«^^ ThU ixifornution is oontintBed on an additianal sheet |~|

As regards tbe respective Patent Offices of tJie respective desig-
nated states, the appliceuits request ttiat a sample of the deposx—
ted microorganisms only be made available to an expert nominated
by the req[uester until the date on which the patent is grxoited or
the date on which the application has been refused or withdrawn or
is deemed to be withdrawn

.

D. DESIGNATED STATES I^RVmiCHINDICATIONSAREMADE

E. SEPARATE FURNISHING OF^DWICATIONS (leave biank ifnee epplieM^

Tbe indications listedbelowwill besubmitted to tbe International Bureau later (speeifythes^ncrainatureeflhein^cBitonse^ 'Aecesnon
NmmherofDepcaiir)

For receiving Oflice use only

sbcel was received with tbe intcmaiional applicairon

Autboriied oOiccr

nJes "aulsen
Heao CtafK

For Interna Clonal Bureau use only

I I
Tbis sbcet was received by ibe International Bureau on:

Aulbonzcd officer
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INDICATIONS RELATING TO DEPOSITED MICROORGANISMS
(PCT Rule X2Jbis)

Adcl±t:ional sheet:

In addition to the microorganism indicated on page 80 of the
5 description, the following microorganisms have been deposited

with

The National Collections of Industrial and Marine
Bacteria Limited (NCIMB)

23 St. Marchar Drive, T^erdeen, Scotlcind
10 United Kingdom AB2 IRY

on the dates and xinder the accession niunbers as stated below:

Accession Date of Description Description
.n\imber

^ ddposit Page No. Line No.

15 NCIMB 40931 24 March 1998 45 . 1

NCIMB 40932 24 March 1998 45 l

NCIMB 40933 24 March 1998 45 1

. NCIMB 40934 24 March 1998 45 2

NCIMB .40935 24 March 1998 45 - 3

20

For all of the above- identified deposited microozrgcmisms, the
following additional indications apply:

As regards the respective Patent Offices of the respective
designated states, the applicants request that a san^le of

25 the deposited microorganisms stated above only be made
available to an expert nominated by the rec[uester until the
date on which the patent is granted or the date on which the
application has been refused or withdrawn or is deemed to be
withdrawn.
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(X) GENERAL INFORMATION:

(i) APPUCANT:
(A) NAME: DANXSCO A/S
(B) STREET : Langebrogade 1

<C) CITY: Copenhagen
(E) COOTTTRY: Denmark
(P) POSTAL CODE (ZIP) : 1001 K

(G) TELEPHONE: <i-45 32 66 22 00

(H) TELEFAX: -1-45 32 66 21 67

(ii) TITLE OF INVENTXON: Cloning and use o£ Lipase 3 gene from-

Aspergillus ttibigehsis

(iii) NUMBER OF SEQUENCES: 9

(iv) COMPUTER READABLE FORM:

(A) MEDIUM TYPE : Floppy dislc

(B) COMPUTER: IBM PC COOpaCifole

(C> OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: Patentiln Release j^l.O, Version #1.30 (EPO)

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 amino acids

<B) TYPE: amino acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear.

(ii) MOLECULE TYPE: peptiide

(v) FRAOIENT TYPE: N* terminal

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Aspergillus tubigensis
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(xi) SEQOBNCK DESCRIPTION: SBQ ID NO: X:

Ser Val Ser Thr Ser Ttir Leu Asp GIu Leu Gin Leu Phe Ala Gin Trp

1 5 10 15

Ser Ala Ala Ala Tyr Xaa Ser Asn Asn

20 25

(2) INFORMATION FOR SEQ ID NO: 2:

(1) SEQDENCE CHARACTERISTICS:

<A) LENGTH: 7 amipo acids

(B) TYPE: amino acid

(C) STRANDEDNSSS : single

<D) TOPOLOGY: linear

(ii) MOLECUIiB T7PB : pept.ide

(v) FRAGMENT TYPE: internal

• (vi) ORIGINAL SOORCE:

(A) ORGANISM: Aspergillus tubigensi^

(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 2:

Val His Thr Gly Phe Trp Lys

1 5

(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 14 amino acids

(B) TYPE : amino acid

(C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(ii) ^^LECOLB TYPE: pept:ide

(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SOORCE:

(A) ORGANISM: Aspergillus tubigensis
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<xi) SEQUENCE DESCRXPTION: SEQ XD NO: 3:

Ala Trp Glu Ser Ala Ala Asp Glu Leu Thr Ser Lys lie Lys

1 5 10

(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:

(A) USNGTH: 20 base pairs

(B) TYPE: nucleic acid

<C) STRANDEDNESS : single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

(A) PESCRIPTION: /desc « "Oligonucleotide"

(aci) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

TiCCARAANC CNGTRTGNAC 20

(2) INFORMATION FOR SEQ ID NO:. 5:'

(i) SEQUENCE CHARACTERISTICS: ,

(A) LENGTH: IB base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION: /desc « "Oligonucleotide"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

CARYTNTTYG CNCARTGG 18

(2) INFORMATION FOR SEQ ID NO: 6:
.

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 17 base pairs

(B) TYPE: nucleic acid
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(C) STIUkNDEDKBSS : single

(D) TOPOUXSY: lin ar

(ii) UOI^COLE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Oligonucleotide**

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

GCVGCHSWYT CCCAVGC

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) XiENGTH: 317 base pairs •

(B) TYPE: nucleic acid
(C) STRANDEDNBSS : double
(D) TOPOLOGY: linear ^

(ii) MOIiBCUIiE TYPE: other nucleic -acid
(A) DESCRIPTION: /desc « "PCR fragment"

(xi) SEQUENCE DESCRIPTION: SEQ ZD NO: 7:

CAGTTGTTCG CGCAATGGTC TGCCGCAGCT TATTGCTCGA ATAATATCGA CTC6AAA6AV 60

TCCAACTTGA CATGCACGGC CAACOCCTGT CCATCAGTCG AGGAGGCCAG TACCACGATG 120

CTGCTGGAGT TCGACCTGTA TGTCACTCAG ATCGCAGACA TAGAGCACAG CTAATTGAAC 180

AGGACGAAC6 ACTTTTGGAG GCACAGCCG6 TTTCCTGGCC 6C6GAC7UICA CCAACAA6GQ 240

GCTCGTGGTC GCCTTCCGGG GAAGCAGCAC GATTGAGAAC TGQATTGCTA ATCYTGACTT 300

CATCCTGGRA 6ATAACG 317

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1045 base pairs
(B) TYPE: nucleic acid
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(C) STRAZTDBDNBSS: double

(D) TOPOIiOGY: linear

(ii) MOI^COX^ TYPE: DOTV (gencsnlc)

(vi) ORI6IKAI. SOORCB:

(A) ORGANISM: Aspergillus tubigensis

(ix) FBATORB:

(A) NAME/KEY: CDS

(B) LOCATIONtjoind- .82, 135 . .300, 347 683, 737. .1045)

( ix) FEATURE : -

(A) NAME/KEY: sigjjeptide

(B) lOCATIOH:!, .81

(ix) FEATDRE:

(A) NAME/KEY : mat^peptide

(B) IiOCATION:30in(82, 135.. 300, 347.. 683, 737.. 1042)

(xi) SEQDENCB DESCRIPTION: SEQ ID NO: 8:

ATG TTC TCT GGA CGG TTT GGA GTG CTT TTQ ACA GCG CTT GCT GCG CTG 48

Met PHe Ser Gly Arg Phe Gly Val leu Leu Thr Ala I^u Ala Ala Iiou

-27 -25 -20 -IS

GGT GCT GCC GCG CCG GCA CCG CTT GCT GTG CGG A GTAGGTGTGC 92

Gly Ala Ala Ala Pro Ala Pro Leu Ala Val Arg
-10 -5

CCGATGTGAG ATGGTTGGAT AGCACTGATG AAGGGTGAAT AG GT GTC TCG ACT 145

Ser Val Ser Thr

1

TCC ACG TTG GAT GAG TTG CAA TTG TTC GCG CAA TGG TCT GCC GCA GCT 193

Ser Thr Leu Asp Glu Leu Gin Leu Phe Ala Gin Trp Ser Ala Ala Ala

5 la 15 20

TAT TGC TCG AAT AAT ATC GAC TCG AAA GAC TCC AAC TTG ACA TGC ACG 241

Tyr Cys Ser Asn Asn He Asp Ser Lys Asp Ser Asn Leu Ttvc Cys Thr

25 30 35

GCC AAC GCC TGT CCA TCA GTC GAG GAG GCC AGT ACC ACG ATG CTG CTG 289

Ala Asn Ala Cys Pro Ser Val Glu Glu Ala Ser Thr Thr Met Leu Leu

40 45 50
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GAG TTC GAC CT GTATGTCACT CAGATC6CAG ACATAGAGCA GAGCTAATIT 340
Glu Phe Asp Leu

55

GAACAG G ACG AAC GAC TTT GGA GGC ACA GCC GGT TTC CTG 6CC GCG GAC 389
Tixr Asn Asp Phe Gly Gly Thr Ala Gly Phe Leu Ala Ala Asp

60 65 70

AAC ACC AAC AAG CGG CTC GTO GTC GCC TTC CGG GGA AGC AGC ACG ATT 437
Asn Thr Asn Lys Arg Leu Val Val Ala Phe Arg Gly Ser Ser Thr lie.75 80 85

GAG AAC TGG ATT GCT AAT CTT GAC TTC ATC CTG GAA GAT AAC GAC GAC 485
Glu Asn Trp He Ala Asn Leu Asp Phe He Leu Glu Asp Asn Asp Asp

90 95 100

CTC TGC ACC GGC TGC AAG GTC CAT ACT GGT TTC TGG AAG GCA TGG GAG 533
Leu Cys Thr Gly Cys Lys Val His Thr Gly Phe Trp Lys Ala Trp Glu

105 110 115

TCC GCT GCC GAC GAA CTG ACG AGC AAG ATC AAG TCT GCG ATG AGC ACG 581
Ser Ala Ala Asp Glu Leu Thr Ser Lys He Lys- Ser Ala Met Ser Thr

"0 125 130

TAT TCG GGC TAT ACC CTA TAC TTC ACC GGG CAC AGT TTG GGC GGC OCA 629
Tyr Ser Gly Tyr Thr Leu Tyr Phe Thr Gly His Ser Leu Gly Gly Ala
135 140 X45 150

TTG GCT ACG CTG GGA GCG ACA GTT CTG CGA AAT GAC GGA TAT AGC 6TT 677
Leu Ala Thr Leu Gly Ala Thr Val Leu Arg Asn Asp Gly Tyr Ser Val

155 160 165

GAG CTG GTGAGTCCTT CACAAAGGTG ATGGAGCGAC AATCGGGAAC AGACAGTCAA 733
. Glu Leu

TAG TAC ACC TAT GGA TGT CCT CGA ATC GGA aAC TAT GCG CTG GCT GAG 781
Tyr Thr Tyr Gly Cys Pro Arg He Gly Asn Tyr Ala Leu Ala Glu

170 175 180

CAT ATC ACC AGT CAG GGA TCT GGG QCC AAC TTC OCT GTT ACA CAC TTO
His He Thr Ser Gin Gly Ser Gly Ala Asn Phe Arg Val Thr His Leu

185 190 195

829
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AAC GAC ATC GTC CCC OGG GTG CCA CCC ATG GAC TTT GGA TTC AOT GAG 877

Asn Asp lie Val Pro Arg Val Pro Pro Met Asp Phe Gly Phe Ser Gin

200 . 205 210 215

CCA AGT CCG GAA TAC TGG ATC ACC AGT GGC AAT GGA GCC AGT GTC ACG 92S

Pro Ser Pro Glu Tyr Trp lie Thr Ser Gly Asn Gly Ala Ser Val Thx

220 225 230

GCG TCG GAT ATC GAA GTC ATC GAG GGA ATC AAT TCA ACG GCG GGA AAT 973

Ala Ser Asp He Glu Val He Glu Gly He Asn Ser Thr Ala Gly Asn

235 240 245

GCA GGC GAA GCA ACG GTG AGC GTT GTG GCT CAC IIXJ TGG TAC TTT TTT X021

Ala Gly Glu Ala Thr Val Ser Val Val Ala His Leu Trp Tyr Phe Phe

250 255 260

GCG ATT TCC GAG TGC CTG CTA TAA 1045

Ala He Ser Glu Cys I^u I*eu

265 270

(2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:

(A) XtBNGTU: 297 amino acids

(B) TYPE : amino acid

(D) TpPOIOGY: linear

(ii) MOI£Cai«B TYPE : prot:ein

*(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 9:

Met Phe Ser Gly Arg Phe Gly Val lieu Leu.Thr Ala Leu Ala Ala lieu

-27 -25 -20 -15

Gly Ala Ala Ala Pro Ala Pro Leu Ala Val Arg Ser Val Ser Thr Ser

-10 -5 1 5

Thr Leu Asp Glu Leu Gin Leu Phe Ala Gin Trp Ser Ala Ala Ala Tyr

10 - 15 20

Cys Ser Asn Asn He Asp Ser Lys Asp Ser Asn Leu Thr Cys Thr Ala

25 30 35

Asn Ala Cys Pro Ser Val Glu Glu Ala Ser Thr Thr Met Leu Leu Glu

40 45 50
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Phe ABp tea Thr Aen Asp Phe Gly Gly Thr Ala Gly Phe I^u Ala Ala
55 60 65

Asp Aen THr Asn Lys Arg Leu Val Val Ala Phe Arg Gly Ser Ser Thr
70 75 ao 85

He Glu Asn Trp He Ala Aen Leu Asp Phe He X.eu Glu Asp Asn Asp

Asp I^u Cys Thr Gly cys Lys Val Hie Thr Gly Phe Trp Lys Ala Trp"5 XXO 115

Glu Ser Ala Ala Asp Glu Leu Thr Ser Lys lie Xys Ser Ala
120 125

Thr Tyr Ser Gly Tyr Thr Leu Tyr Phe
135 - 140

Met Ser
130

Thr Gly His Ser Leu Gly Gly
145

Ala Leu Ala Thr Leu Gly Ala Thr Val Leu Arg Asn Asp Gly Tyr Ser
"° ISO

val Glu Leu Tyr Thr Tyr 61y Cys Pro Arg.He Gly Asa Tyr Ala
"° "S

Leu'

Ala Glu Hie He Thr Ser Gin Gly Ser Gly Ala As.i Phe Arg Val ^Chr
185 190 X9S-

Hie I*u Asn Asp lie Vil Pro Arg Val Pro Pro Met Asp Phe Gly Phe
205 210

ser Gin Pro Ser Pro Glu Tyr Trp lie Thr Ser Gly Asa Gly Ala Ser
215 220 225

Val THr Ala Ser Asp lie Glu Val He Glu Gly He Asn Seir Thr Ala

245
"° 235 240

Gly Aen Ala Gly Glu Ala Thr Val Ser Val Val Ala His Leu Trp Tyr

260
250 255 .

Phe Phe Ala He Ser Glu Cys Leu Leu *

265 270
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CLAIMS

1, A polypeptide having lipase activity that
from Aspergillus tijhlgensxs, the polypeptide
following characteristics:

is deriveable
having the

5 (i) it retains at least 80% activity after 4 days at 20®C at
a pH in the reuige of 3 . 5 - 8

,

(ii) it retains at least 60% of its activity after 1 hour at
60**C in 100 mM sodium acetate buffer ac pH 5.0, amd

(iii) it has an isoelectric point as determined by .

10 isoelectric focusing in the range of 3.5-4.5.

2. A polypeptide according to claim 1 comprising at Xeast one
amino acid sequence selected from the group consisting of
SBQ ID NO:l, SEQ ID NO:2 cmd SEQ ID NO:3; where Xaa in said,,

sequences is an amino acid selected from the group consisting
15 of Ala/ Arg, Asn, Asp, Cys, Gin, Glu, Giy, His, lie, Leu,

Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr and Val.

3 . A polypeptide according to claim 1 that shows an enzymatic
activity at a pH in the range of 3.5-8.

4. A polypeptide according to claim 1 which retains at least
20 80% of its activity after 1 hour ac 50^C in 100 nM sodium

acetate buffer at pH 5.0.

5. A polypeptide according to claim l v'nich has eiii

isoelectric point as determined by iso-=-leetrie focusing of
25 4.1±0,1.

6. A polypeptide according to claim l i.liPt is capaa:>le of
hydrolysing at least 10% of tho galactcsyl diglycerides
normally present in a flour dough to th*:^ corresponding galac-
tosyl monoglycerides

•
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7. A polypeptide according to claim i .hat is in a substan-
tially non-glycosylated form.

8. A polypeptide according to claim l vr.lch is part of a
fusion product comprising additional e:.c%Tnatically active

5 amino acid sec[uences.

9. A polypeptide according to claim l vl.ich is in a sxibstan-
tially purified form.

10. A polypeptide according to claim i v.itich. has a molecular
weight as determined by matrix-asslste : laser desorption

10 ionisation mass spectrometry (idALDI-MS, of 31 ± 1.5 kDa.

11. A polypeptide according to. claim l: -omprising the amino
acid sequence shown as SEQ ID WO: 9 or . .ariant, homologue or
fragment hereof,

12. A polypeptide according to claim 1 vhich does; not- com-
15 prise amino acid(s) that provide (s) glycosylation site (s)

.

13. A polypeptide according to any of cV.ims 1-12 which is
derived from an organism selected f ron; c.-se group consisting
of a fungus, a yeast, a bacterium, a p.ant cell and an andLmal
cell

.

20 14. A polypeptide according to claim 1 ich, when it is
added to a bread dough in an o:aoui:c ol OGO LUS per Jcg

flour/ reduces the average pore diamec r of the crumb of the
bread made from the dough by l^cisc - : , relative to a
bread which is made from a bread coucri: vl!:hout addition of

25 the lipase.

15. A polypeptide according tc claim 1 v...ich, when it is
added to a bread dough in an a.^ount of r,000 LUS per kg
flour, increases the pore homogeneity the crumb of the
bread made from the dough by ac l«-asc >-

. relative to a bread
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which is made from a bread dou-h v;icho- addition of the

lipase.

16, A polypeptide according to claim l

added to a bread dough in an amount oi:

flour, increases the gluten in lex in ui

5%, relative to a dough withou . acdir:: :

the gluten index is detentiinec by meaar

apparatus.

>.hich, when it is

boo LUS per kg
dough by at least
Df the polypeptide,

f a Glutoznatic 2200

* 17. A recombinant DNA molecule compris:'

10 sequence coding for the polype; tic:

claims 1-16.

..J a nucleotide

ding to any of

18. A recombinant DNA molecule accorair.. to claim 17 coxnpris-

ing at least one of SEQ ID ^70:4. SKQ :iO:5, SEQ ID NO: 6 and

SEQ ID NO: 7.

15 19 - A recombinant DNA molecule according: to claim 17 compxi^-

ing SEQ ID NO: 8 or a variant, nomplogue . r fragment thereof^

or a sequence con^lementary chereco.

20. A recombinant DNA molecule acr-^rdi- co claim 17 which

encodes a polypeptide as defined ia cial..i 1 that does not

20 con^jrise amino acld(s) that provide /cosylation site(s) .

21. A recombinant DNA molecule: ac ore:

a plasmid selected from the g:. iip :-»::.•

deposited under the accession .os . :^c::

NCIMB 40932, NCJMB 40933, NCIN '. 4V93*1

25 22. A cell comprising a reco:i\} inai.c

any of claims 17-21 and capobl o

according to any of claims i - : .

to claim 21 which is

-ing of a plamid
40SiS3, NCIMB 40931,

. NCXMB 40935.

...olecule according to

sing the polypeptide

30

23. A cell according to claim 22

selected from the group consistin" o :

bacterixim, a plant cell and ji:: an ./..il

a microorganisia

ungus, a yeast, a
1



wo 98/45453

85

24. A cell according to claim 23 whic:*. -

fungus selected from the group coas is:. .:.

sp,, a Penicxlllum sp., a Rhi zomucoir .j;

rriciiodexTna sp. , a Jfeurospora sp. and <

5 25 • A ceil according to claii:. 24 which
ge'nsls.

PCT/DK98/00137

• a filcunentous

:
of an Aspergillus
a Mucor sp . , a

:'amicola sp*

Aspercfillus tuJbi-

10

15

26, A method of preparing a polyp-rpci
claims 1-16 comprising transforming a i.c

binant DNA molecule accordino to any o::

host cell is capable of expr-.^ssing rr.e j

coding for the polypeptide, caltivat if

,

cell under conditions where the nurie .k ;

expressed and harvesting the uolypept:ic

ccording to any of

c cell with a recom-
laims 21-25, the
cleotide sequence
he transformed host
:e sec[uence is

A method according to claim 26 whi rr, comprises further
' -ostantially pure

27,

step of isolating the polypei.cide in
form*

iO

28. A method of preparing a baked prou;
pore homogeneity and reduced pore dia:;i

prising adding the polypeptir e accorc:!:
16 or the polypeptide prepared acccrci . i

the dough.

having in5)roved

the method com-

::o any of cladLms 1-

co claim 26 or 27 to

29. A method according to claim 28 wh.:

contain added lipids.
a the dough does not

5

30. A method according to cla Lm 2 *- ^:

to the dough the polypeptide n a an
reduction of the average por/- dicL...- ::c

bread made from the dough by it lease
bread which is made from a b: -^ad cIc k i

the polypeptide.

comprising adding
that results in a
t::o crumb of the
relative to a

A\<y :C addition of

31. A method according to clc. .m 2 : m
to the dough the polypeptide \n aa an.

comprising adding
tiKit results in an
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increase Of the pore homogeneity in c.:-

made from the dough by at le;.5t , r;.'

is made from a bread dough wi uhouc ac.^

polypeptide.

32. A method according to an:- of ji^il. ..

adding to the dough the polyj iptide i..

in an increase of the gluten -nde.-. .n

5%, relative to a dough witht it aJd:.-

the gluten index is determine I by moan;

apparatus . .

PCT/D1C98/00137

cumb of the bread

ive to a bread which

on of the

i-31, comprising

cimount that results

dough of at least

:>E the polypeptide,

f a Glutomatic 2200

33. A method according to an; of ':1a-...

polypeptide is added to the f >ugh

the range of 100-30,000 lipa£ s unity ,

15 including the range of 500-l(. .000 lip*,

flour.

::3-32 wherein the

..aount which is in

i) per kg flour

units (LUS) per kg

34. A method according to cl -m 2.: v/a-

added to the dough.

a an emulsifier is

35. A method according to cli: .m 3 1 vni-

20 diacetyl tartaric acid ester mono-

edible fatty acids.

n Che emulsifier is

diglycerides of

36. A method according tc? cl» Lnn J J,

taric acid ester has a sapon: *icacii:>::

300-600 cmd an acid valu-.* in .f^e /;a.i;-

:.n -he. diacetyl tar-

le in the range of

40-120.

25 37. A method according. to cl

taric acid ester is adde^l in

of 0.1 to 1.0 % by weigh r of :lour

.

'.n -he diacetyl tar-

iLci- is in the range

38. A method according cci cl'
*

further enzyme is added c.o - do:?::

A cic least one



wo 98/45453

10

15

c7
PCT/DK98/00137

39. A method according t.- 38 wher .In the further enzyme
is selected from the gro.. . cc. -listing c :: a hemicellulase, a
protease, an amylase, an oxlc ,-eductasc and a cellulase.

40. Use of a polypeptide ac- c-ing a ^ of claims 1-16 or a
5 polypeptide prepared by ; ..ss accor .ng co claim 26 in a

dough for a baked produc ::u : .prove tl stc.bility of the
gluten network in the do : ;:i c. to inicaa : improved pore homo-
geneity or reduced pore Cl.v:.:.- ...r to chc baked product.

41. Use according to cla-:.! -
*

dough is increased by at : ; -.,

is made without addition r.
-

is determined by means o/: .i c.

42 . A dough improving coi» pf-.

according any of claims :

tional dough additive coi -

•herein t . i gluten index in the
5%., rels .ve t:o a dough which
polyper *.ide, the gluten index

.torn.-!: tic .-:200 apparatus,

.ion compr :ing the polypeptide
t:-d at lea : one further conven-

43 - A conqposition accord- *::

cort5)onent is selected frem
and. an eraulsifier.

claim 4:. wherein . the further
group CO nr; isting of an enzyme



wo 98/45453 PCT/DK98/00137

1/4

A>/tI(9000)

P*fl(8850)

5>mil(8700)

//CO I (8400)

1107IC7435)

Intronl

Intron2)

5lBcn(7043)\

Up(3>

intronS^

5>no I (6581)

Nco I (6567)^

Eco RV (6492).

Pvu n (6153)

5>no I (6140)'

Pst I (5300)

.
. ATpn I (5200)"

5j/ 11071(5000)

i

P5M(ll)

Sma I (15)

BamH I (1. >

jjSpe i (25)

-)LIP4

\Sacn(50)

oaci(59)

\

iVH nc277)

•Pvu n C2790)

I (2915)

.A7ioI(2926)

Sii/I(2932)

Ctel(2942)

jfliMd m (2947)

£co RV (2955)

Sm» I (3800)

Fi . 1



wo 98/45453
PCT/DK98/00137



3





INTERNATIONAL SFa
u*ial Application No

T/OK 98/00137

A. CLASSIFICATION OF SUBJECT MATTER
IPC 6 C12N15/55 C12N9/20 C

A21D8/04
IZillS. C12N1/15

Aciaoidlng to Intemaiional Patent CtesatficaOontlPO or to both •

a FIELDS SEAftCHEO

Mtrmmmi documanlatlon seaiched (dassilicatlon system toBov^

IPC 6 C12N C07K A210

Oocumentation s«archod olher than minimumdcciimaniaiion to iht

Electronic data base consiAad during mo tntamstional search

cc '^t *ri ..(..' 1 iho tialdi soarcba J

tea . ft> ler.fis usod)

C. DOCUMENTS COWSIDEWEO TO BE RELEVANT

Categoiy ' Cftation of documem. wiUi bxticatien, whora appir :n

EP 0 575 133 A (SANKYO C

December 1993

see page 4, line 27 - p^gt

WO 94 04035 A (NOVO NORf
*

1994
see page 2, line 32 - p*

see page 6, line 20 - pa.

EP 0 585 988 A (GIST-BRf :/

March 1994

see page 2, 1 Ine 22 - 1 •

see page 2, line 43 - 1

see page 3, line 1 - 1 ii

Rei^vant to claim No.

1.3-5,
7-10,12.
13
14-16,
28-43

14-16,
28-43

14-16,
23-33,
38-43

Furthor documanta ara Sstad in the continuatkMi o: bo« uto Rsied in annex.

' Spocial catagorlaa o( Cited documents

:

'A* documsnl d©fining the general stala of the art wtiich is not
considefed to be o( particular relevance

"E* eaittor doosnent but pubished on or aner the Internation:-
(ttlngdate

documerti which may throw doubts on priority ciatni;^! or
which b cited to eatabtbh the putMicationdate ol another
dtaHon or other spectel reason (as specified)

'CT documem referring to an oral disclosure, use. ejihftM:.on c*

:-ient pubOsh : afief me imemaiioral :«ng date
date and nc mcoiutict vdthme apparition but

I i^rstaiKl tt: - l::J*c^:i9 or ttHory unoc t^ig the

T* dooumsm pt^shed prior to the imemational filng d.iie bi:
later than the prtortty date claimed

..tnculat
. •: ift *;i9i- 're-

.ear. ..'eru.va

;c . *«ra c pjm' **

•VI * -: -lo* ii

J'-, .-fk ot- o»t

' A..

^n:. :ne inter ol .

•:v%a't=»: tne claimed irv/eittlon

^o'ri • r carmoi be consKrered to
.> v.n^ the do^jmem I& taken alone

^ .a'tca; the claimed invendton
. itv/r on inventive »--tp wtwn the
'.itif.na or moreoirw -uchdooh-

vj cL ,\^js to a p crson i

• aanr^ patent lamtly

Date of the actual completion of theInternational search

28 July 1998

fling ol the i cnuv^nal seaich repon

- 8/1 9f

Name and mafiir>g addreaa ol the ISA

European Patent OfOce. P.B. S6ta Paier^laan
NL - 2280 HV RljswQk
Tel. (31-70) 340.2040. T*. 31 651 ep-i .

.

Fax: (+31-70) 340-3016

Ferni PCmSAQto (second sftMOfJi^ 1993)

ozed iitcei

iro

1 of 2




